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Middlemiss,  Madras;  Dr.  H.  Warth,  Madras;  jnr.  r»  &i.  a^amm,  %/vmmh*  •«*«..«. , 

Mr.  T.  H.  Holland  and  Dr.  F.  Noetling  at  Head-Quarters. 

At  the  beginning  of  the  present  field-aeason  the  officers  of  the  department  were 
diatiibnted  as  follows  :*- 

Mr.  R.  D.  Oldham  ^ 

and  >  Rewah. 

„    Datta  J 

Mr.  LaToucri  j 

and  I  Sal(kiir. 

LrALA  HiRA  I^AL  J 

Mr.  P.  N.  Bost 

„    M1DOLBMI8S 

f,    Holland 

tt  Smith 
Dr.  NoiTLiNO 
Mr.  Andbrson 


•  Central  Prp?iDces. 
.  Madras. 

•  Head-Quarters. 
.  BaluehisULn. 

•  Upper  Barma. 
Cbofca  Nagpon^f 


f         k  ^"  ^^^  following  notes  will  be  found  an  outline  of  the 

acoTro pushed.^     "^^^       work  done  during  1894. 
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Annual  Report  ow  the  Gtological  Survey  of  India  and  op 
THE  Geological  Museum,  Calcutta,  for  the  year  1894. 

Dr.  Wniiam  Kmg  retired  from  the  Directorship  on  the  i6th  July  last,  after  a 
total  length  of  service  of  37  years,  seven  of  which  were 

u  o  t  e  unrey.  passed  as  Director.  His  services  are  briefly  noticed  in  the 
Records,  Vol.  XXVII,  page.  109. 

Mr.  T.  W.  H.  Hughes  was  compelled  to  retire  from  the  17th  October,  owing 
to  an  unfortunate  acddent,  which  has  deprived  him  of  his  eyesight. 

Mr.  W.  B.  D.  Edwards,  having  obtained  an  appointment  as  Inspector  of  Schools 
in  England,  has  resigned  his  appointment  from  the  4th  November  1894. 

The  vacancies  thus  created  will  be  filled  in  due  course  by  men  selected  by  Her 
Majesty's  Secretary  of  State. 

Mr.  William  Anderson  was  appointed  by  the  Secretary  of  State  to  be  Mining 
Specialist  on  the  Survey,  and  joined  the  Depaxtment  on  the  15th  November  1894. 

At  the  beginning  of  the  year  1894,  the  oflScers  of  the  department  not  on  leave 
were  disposed  as^  follows  :— 

Myself  with  Mr.  F.  H.  Smith  and  Lala  Kishen  Singh  in  Baluchiatdn ;  Mr.  T.  H. 
D.  La  Touche  in  charge  of  boring  at  Sukl^nr;  Mr.  P.  N.  Bose,  Rewah;  Mr.  C.  S. 
Middlemiss,  Madras;  Dr.  H.  Warth,  Madras;  Mr.  P.  N.  Datta,  Central  Provinces; 
Mr«  T.  H.  Holland  and  Dr.  F.  Noetling  at  Head-Quarters. 

At  the  beginning  of  the  present  field-season  the  officers  of  the  department  were 
distributed  as  follows  :*- 


Mr.  R.  D.  Oldham 

and  \  Rewah. 

„   Datta 
Mr.  LaToucrs 

and  ( Sulduir. 

Lala  Hira  Lal 

Mr.  P.  N.  Bosi 

„   Middlemiss 

„    Holland 

„  Smith 
Dr.  NoiTLiNO 
Mr.  Anobsson 


Central  Prpvinces. 
Madras. 
Head-Quarters. 
Balachistin. 
Upper  Barma. 
Cbota  Nugporfff 


In  the  following  notes  will  be  found  an  outline  of  the 
.^ZZZi."'    ""'     work  done  during  1894. 
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During  the  season  of  1893  to  1894  Mr.  Bose  surveyed  a  rather  extensive  area  in 

Rewah.  Rewah  and  the  ground  east  of  it,  in  all  more  than  2,oc5o  square 

P.  N.  Bose.'  miles,  of  which,   however,  some  parts  had  ahready  been 

P  *  N  *  oltta!"'  reported  on  by  Mr.  Smith  and  Kishen  Singh,    who  were 

attached  to  the  party  under  Mr.  Hughes  in   1893.    Mr. 

Bose  distinguishes  the  following  formations Jn  descending  order: — 

4.  Gondwaoja. 
3.     Vindhyans. 

5.  Transitions. 

I.    M  etamorphics. 

and  amongst  the  intrusive  rocks :  granite  and  diorite. 

He  separates  a  schistose  formation  from  the  transitions  proper,  f .  e.  the  represen- 
tatives of  the  Bijdwar  system,  and  includes  a  belt  of  gneissose  rocks  amongst  the 
former,  being  probably  the  result  of  local  metamorphism  of  the  schistose  series 
by  the  intrusive  granites.  The  lower  vindhyans  rest  unconformably  on  the  transi- 
tions. 

Mr.  Oldham  has  taken  over  charge  of  the  Rewah  survey  this  field-season,  with 
Mr.  Datta  to  assist  him  ;  he  has  since  had  an  opportunity  of  inspecting  Mr.  Bose's 
work,  and  has  come  to  the  conclusion  that  the  so  called  "  gneiss  "  of  Mr.  Bose  is  in 
reality  an  intrusive  granite.  Mr.  Oldham  has  not  yet  been  able  to  confirm  the 
separation  of  the  schistose  beds  from  the  transitions.  If  the  "  gneiss "  is  onlj 
intrusive  granite,  it  seems  very  probable  that  the  difference  in  lithological  character 
between  the  schistose  and  transition  series  is  due  to  contact  metamorphism.  Mr. 
Bose  describes  the  two  series  of  rocks  as  conformable  and  renders  their  position  in 
this  manner  in  his  section. 

I  myself  crossed  this  belt  of  transition  rocks  further  eastwards  some  years 
ago  and  was  struck  at  that  time  with  the  general  resemblance  of  the  series  with  the 
great  thickness  of  beds  which  underlie  the  lower  Silurian  of  the  Himalayas,  which  I 
had  comprised  under  the  name  of  the  haimantas  and  of  which  the  upper  portion 
may  possibly  he  correlated  with  the  Cambrians.  I  still  believe  that  this  series  of 
tranffltion3  underlying  the  lower  vindhyans  will  turn  out  to  be  an  equivalent  of  the 
haimanta  group  of  the  Himalayas. 

Mr.  Datta  is  working  at  the  lower  vindhyans  north  of  the  Sone  and  has  been 
able  to  examine  some  sections  in  greater  detail,  but  so  far  Mr.  Oldham  suspects 
that  the  lower  vindhyans  (so-called)  belong  to  a  different  and  unconformable 
series  to  the  vindhyans  proper  in  which  opinion  he  differs  horn  Mr.  Mallet,  (See 
Vol.  VII  of  the  Memoirs.) 

Mr.  Datta  had  been  posted  tp  the  Bhandara  DisUict  during  the  previous 

Central  Ptovinen.        field-season,  and  he  was  engaged  at  the  beginning  of  1894 

P.  N.  Datta,  1893-94.      on  the  geological  survey  of  part  of  a  still  unknown  ground 

p.  N.  Bose,  1894.  j,j  jjjg  Central  Provinces.    He  managed  to  go  over  two 

separate  areas,   namely,  part  of  the  valley  of  the  Kanhun  river  in  Nagpur  and 

Chindwara,  and  secondly,  parts  of  the  Bhandara  district.    In  the  first-named  district 

he  came  across  a  crystalline  and  schistose  series  with  intrusions  and  spreads  of 

igneous  rock,  which  is  unconformably  overlaid  by  lameta  beds ;  the  latter  proved 

unfossiliferous. 

In  the  second    or  Bhandara  area  Mr.  DatU  observed  crystalline  rocks  with 
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transition  beds,  the  series  forming  the  western  extension  of  the  Chattisgarh  basin. 
A  number  of  sections  were  examined  in  detail,  bnt  until  the  rock-specimens  can 
be  examined  microscopically,  not  many  new  facts  can  be  made  out  regarding  the 
stmctnxe  of  that  part  of  India.  Mr.  DatU  has  brought  back  a  fine  collection  of 
hand-specimens  for  the  museum. 

At  the  beginning  of  last  field-season  Mr.  Bose  was  posted  to  the  same  ground, 
and  he  started  work  in  continuation  of  the  surveys  of  Dr.  King  in  the  Chattisgarh 
division.  He  believes  to  have  met  with  confirmatory  evidence  in  favour  of  the  un- 
conformable superposition  of  certain  beds  over  the  Chilpi  Ghftt  s^es,  which  may 
possibly  represent  lower  vindhyans  in  this  area.  It  is  a  point,  however,  which  will 
require  much  clearer  evidence  before  this  view  can  be  finally  adopted.  It  is 
dh^ectlj  opposed  to  both  Mr.  Medlicott's  and  Dr»  King's  views  (for  the  latter  see 
Records,  Vol.  XVIII,  p.  190). 

During  December  1893,  Mr.  Middlemiss  was  transferred  to  the  Madras  Presi- 
Madtas,  dency,  where  he    began  a    detailed    investigation  of  the 

Mr.  C.  S.  Middlemiss.     mineral  resources  and  petrology  of  the  Salem  district,  with 
r.  H.  warth.  special  reference  to  the  occurrence  of  corundum. 

During  the  first  few  months  of  1894,  a  cursory  examination  of  the  ground  was 
only  made,  but  nevertheless  some  very  valuable  observations  were  the  result ;  he 
came  to  the  conclusion  that  the  corandum  is  not  an  original  mineral  constituent  of 
the  gneissose  rocks  in  which  it  occurs,  but  is  the  result  of  a  mineral  change  or 
metamorphism  of  the  matrix  rock.  He  infers  this  from  the  patchy  way  in  which 
it  occurs,  from  the  zone,  or  shell  of  carbonate  of  lime  and  of  quartz  (at  Sithampundi), 
and  from  the  similar  shell  of  pink  felspar  enclosing  the  corundum  crystals  in  the 
Paparapatti  rock.  The  general  aspect  is,  as  if  it  had  segregated  out  in  certain 
places,  leaving  an  enclosing  lenticular  patch  of  altered  gneiss  and  an  envelope  of 
another  mineral  behind.  This  field-season  Mr.  Middlemiss  is  provided  with  the 
necessary  outfit  for  a  microscopic  examination  of  the  rocks,  and  we  may  expect  a 
large  addition  to  a  more  exact  knowledge  of  the  petrology  of  Madras,  which,  it  is 
to  be  hoped,  will  eventually  form  a  useful  and  more  or  less  complete  guide  to  the 
crystalline  rocks  of  India.    He  divides  the  Salem  rocks  provisionally  as  follows : — 

Crystalline  gneisstc  rocks-^ 

(i)  White  and  grey  quartzo-felspathic  rocks, 

(fl)  Purple  and  grey  biotite  gneissic  do. 

(3}  Hornblende  gneissio  do. 

(4)  Hypersthene  gneissic  do. 

The  above,  though  mutually  interbanded  in  places,  also  predominate  indivi- 
dually over  certain  areas.  Hence  they  may  be  separated  when  traversing  from  East 
to  West  :— 

{a)  The  Morappur     band  of  hornblende      gneissic   rocks. 
(b)  The  Mukhanur  „      hypersthene  n  n 

(ff)  The  Dharmapuri        „      quartzo-felspathic   ,)  „ 

(d)  The  Paparapatti         „      biotite  „  „ 

with  corunduDQ. 

Ftflialion  of  die  above  varieties  seems  to  be  genuine,  consisting  of  (i)  layers 
of  different  width,  often  contorted,  composed  of  different  minerals,  and  combina- 
tions of  minerals,  (2)  layers  of  different  degrees  of  coarseness  of  grain.  The 
rodts  are  not  as  a  rule  fissile  to  any  extent  along  the  foliation. 
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Intrusive  rocks^^ 

(A).  Purple  granites  are  noB*foliated  massiTe  rocks,  occurring  sparsely  and  are  \n* 

trnded  along  foliation  of  gnetssic  rocks.    Thej  often  include  large  pieces  of 

hornblendic  rocks. 
(B).  Dark  traps,  doleritic,  composition  augite  and  plagioclase,  flon«foliated,  tough^ 

massive  dyke  rocks^  crossing  the  foliation  of  the  gneissic  rocks  at  right 

angles  ;  fairly  nnmeroos,  but  difficalt  to  trace  for,  except  locally. 

It  wafi  de»intble  to  study  the  cretaceous  beds  of  Pondicheiry  in  greater  detaili 
Th9  eretaeeous  roeii      *^^  collect  therefrom  good  material  for  description ;  Dr. 
0/  Pondieherty ;  Or.  H.     Warth  was  deputed  to  do  so,  and  he  devoted  the  field-season 
^^^^'  of  1893.94  to  this  task. 

The  fossils  which  were  collected  by  Dr.  Warth  are  somewhat  dissappointing, 
both  as  regards  numbers  and  preservation,  but  they  have  been  sent  to  Dr.  Rossmat 
of  the  Vienna  University,  who  is  also  engaged  on  the  determination  of  the  collection 
of  cretaceous  fossils  from  Trichinopoly  belonging  to  the  Madras  Museum.  From 
a  preliminary  note  which  this  gentleman  has  sent  it  appears  that  the  entire  series 
of  Pondicherry  beds  belongs  to  the  Ariyalur  group  of  Southern  India. 

It  will  be  remembered  that  a  landslip  occurred  early  in  September   1893  and 
dammed  up  the  Birahi  Ganga  which  drained  90  square 
Mr.  x'.^l^^^oiland.       ^^^^  above  Gohna.    The   locality  was  examined  by  Mr. 
Holland  early  in  March  1894,  when  the  lake  was  nearly 
3  miles  long  with  a  maximum  width  of  i  mile.    Mr.  Holland's  report  described  (i) 
the  geographical  and  geological  features  of  the  Birahi  Ganga  valley,  (2)  a  descrip- 
tion of  the  landslip  and  lake,  and  (3)  a  discussion  of  the  causes  which  led  to  the 
landslip. 

With  regard  to  the  second  point  he  predicted-^ 

(1)  That  the  lake  would  be  full  and  wonld  overflow  the  barrier  about  the  middle 

of  AuguA. 
(a)  That  the  dam  was  [strong;  enough  to  resist  the  pressure  of  the  water  before 
overflow. 

(3)  That  after  overflow  the  lake  wonld  be  reduced  to  one  about  3k  miles  long,  and 

that  this  would  remain  perma  nent  for  some  time. 

(4)  That  landslips  Would  occur  into  the  lake. 

The  lake  overflowed  the  dam  early  on  the  morning  of  August  35th,  the  stream 
flowing  down  the  steep  slope  to  the  bed  below  Gohna.  The  erosion  thus  continued 
until  late  at  night,  when  a  channel  having  been  cut  back  to  the  lip  of  the  lake 
rapid  recession  of  levels  followed  until  the  erosion  was  checked  by  reduction  of 
the  slope  and  exposure  of  large  blocks  of  dolomite,  by  removal  of  the  fine  detritus 
formingtheupperpart  of  the  dam.  The  lake  left  is  about  3  miles  long  and  over 
3CXD  feet  deep,  with,  according  to  the  latest  accounts,  every  chance  of  being  histori- 
cally permanent,  although  its  gradual  desiruciion  by  silting  up  of  the  basin  and 
gradual  erosion  of  the  dam  will,  geologically  considered,  happen  at  no  distant 
time.  The  landslips  which  have  occurred  into  th^  lake  have  with  the  silt  raised  the 
bottom  nearly  100  feet.  The  dam  is  now  quite  firm  and  the  outlet  through  the 
gorge  cut  in  its  upper  part  is  over  a  rocky  bed  with  a  slope  of  about  i  in  15. 

In  this  gorge,  cut  through  a  portion  of  the  first  of  the  two  main  falls,  there  are 
exposed,  according  to  Lieutenant  Crookshank,  R.E.,  great  bundles  of  strata  dipping 
towards  the  south  at  an  angle  of  about  50°,  which  he  regards  as  a  striking  confirma- 
tion f'^  Mr.  Holland's  conclusion  with  regard  to  the  peculiar  character  of  the  first 
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slip  in  which  Mr.  Holland  considered  that  the  hill  mast  have  pitched  forward  and 
not  have  slipped  down  in  stream-fashion  after  the  manner  of  smaller  and  more 
common  landslips.    (Records,  Vol.  XXVII,  page  59.) 

The  alarming  increase  of  accidents  in  the  Dandote  coal-mines  made  an  imme- 
diate inspection    of   the  Dandote   (Punjdb)    and  Warora 

Dr.RN'^tfing.  (Central  Provinces)   collieries  desirable;  the  Inspector  of 

Mines  in  India  had  not  been  appointed  then  (October  1893), 
and  Dr.  Noetling  was  therefore  deputed  on  this  duty.  In  addition  to  this  inspec- 
tion. Dr.  Noetlingwas  able  to  add  to  our  knowledge  of  the  older  palaeozoic  strata 
of  the  Salt-Range.  He  has  since  published  his  observations  in  a  paper  in  the 
Records,  Vol..  XXVII,  pages  yt  to  86,  which  clears  up  many  discrepancies  in  the 
Salt-Range  geology. 

Mr.  Wynne,  who  described  the  geology  of  that  range  in  greater  detail,  was  the 
first  observer  who  insisted  on  the  age  of  certain  beds  as  older  than  carbonifer- 
ous and  to  be  quite  distinct  from  the  latter.  On  the  strength  of  Dr.  Waagen's 
determination  of  the  few  fossils  which  had  then  been  found,  these  beds  were  con- 
sidered to  be  of  Silurian  age.  Later  on  Dr.  Waagen  combated  this  view  and 
claimed  a  lower  carboniferous  age  for  these  beds,  but  modified  this  opinion  as 
Cambrian  trilobites  were  found,  whilst  his  work.  Vol.  IV  of  Ser.  XIII  of  the 
Falaeontologia  Indica,  was  in  progress. 

Dr.  Noetling,  who  had  studied  the  Khusak  section  carefully  (already  well  de- 
scribed by  Mr.  Middlemiss,  Records  XXXIV,  page  34)  now  divides  the  Cambrian 
system  of  the  Sak-Range  as  follows,  in  descending  order  :^ 

4.  BhagftnwaUa  group,  or  salt-crystal  pseadomorph  xone. 
3.  Jatana  gronp,  or  Magnesian  sandstone. 
a.  Khussak  group,  or  Noobolus  beds. 
I.  Khewra  group,  or  Purple  sandstone. 

Each  of  which  divisions  he  further  sub-divides. 

The  fossils  which  he  has  found,  have  been  forwarded  to  Dr.  Waagen  for  deter* 
mination. 

The  boring  for  petroleum  which  has  been  put  down  at  Sukkur  on  the  Indus  has 

Sukiur  boring.  Steadily  progressed,  and  it  has  been  sunk  to  a  depth  of  957 

Mr.  T.p.  LATottche.      feet.    Considerable  difficulty  is  occasionally  experienced, 

LalaHiraUI.  ^^  qq^  ^lore  than  might  have  been    anticipated.    The 

practical  result  is  so  far  nil,  although  signs  of  escape  of  gas  have  been  observed  at 

depths  below  800  feet,  which  afford  some  slight  hope  of  obtaining  oil  further  down 

But  the  boring  is  not  without  some  geological  interest,  as  it  proves  that  the  thickness 

of  the  strata  is  much  in  accordance  with  the  estimate  which  I  have  given,  which 

was  praaically  taken  from  the  Sharigh  section.    The  lithological  character  of  the 

beds  passed  through  is  very  similar  to  that  of  the  Sharigh  section,  and  in  some 

lespecU,  particularly  in  the  upper  portion,  very  like  the  section  near  Khattan.    As 

near  Sharigh,  so  also  at  Sukkur,  a  great  thickness  of  clays,  alternating  with  thin 

limestone  bands,  and  traversed  by  numerous  gypsum  veins  and  nests,  occurs  below 

the  light  coloured  upper  nummulitic  limestone  of  Sukkur. 

The  boring  ought  to  reach  the  carbonaceous  horizon  within  the  next  200  to 
950  feet,  if  the  section  corresponds  as  closely  with  the  Sharigh  section,  as  seems 
likely. 
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Mr.  La  Touqhe  reported  in  December  1894  that  he  had  examined  a  spot  about 
8  miles  south  of  Rohri,  where  the  freshly  broken  soil  emits  a  strong  smell  of  petro- 
leum, which  may  indicate  the  escape  of  oil  below  the  thickness  of  alluvium.  There 
is  no  rock  in  situ  within  miles  of  the  spot,  but  the  question  is  being  investigated 
now. 

BaluehiMtdm.  Considerable  progress  has  been  made  in  the  geological 

.9,'  h  S'*???*^**:.  survey  of  Baluchistdn,  which  is,  perhaps,  one  of  the  most 

W.  B.  D.  Edwards.  ^   ,  ...  . ,    *.  i       .        <• 

P.  H.  Smith.  interestmg  countnes  m  the  worldi  nom  a  structural  pomt  of 

Lala  Kishen  Sing.  view. 

Mr.  £dward6  joined  my  party  in  the  early  part  of  the  year  and  was  told  off  to 
examine  the  so-called  Quetta  coal-area.  Before  he  could  quite  finish  the  task,  he 
became  seriously  ill,  which  led  eventually  to  his  retirement  this  year. 

Mr.  Smith  joined  my  party  in  the  autumn  of  1893,  and  after  continuing  the  work 
which  Mr.  Edwards  had  begun,  brought  it  to  a  close  during  this  year. 

He  accompanied  me  afterwards  (Spring  1894)  on  a  tour  to  the  Mari  country, 
which  I  undertook  to  study  certain  sections  which  Mr.  Oldham  had  reported  on  pre- 
viously (Records,  Vol.  XXV,  pages  18  to  39).  Mr.  Smith  was  instructed  to  take  up 
work  in  continuation  eastwards  of  Mr.  Oldham's  surveys,  and  he  has  since  geologi- 
cally mapped  some  3|000  square  miles  of .  very  interesting  country  east  and  south- 
east of  the  sections  which  are  reported  on  in  the  paper  quoted. 

Mr.  Smith  has  shown  considerable  acquaintance  with  field-work,  and  has  pre- 
pared a  number  of  working  sections,  drawn  to  scale.  These,  with  the  map,  will  be 
published  later  on,  when  the  survey  of  that  country  has  been  completed. 

During  November  and  December  i894»  Mr.  Smith  continued  his  former  work  in 
the  high  hills  east  and  south-east  of  Quetta,  which  have  now  all  been  examined,  with 
the  result  of  confirming  in  most  cases  my  first  conjectures,  which  I  expressed  in 
Memoir,  Vol.  XVIII,  part  i.  When  I  visited  that  country  in  1880  a  close  study  of 
the  sections  was  impossible,  owing  to  the  disturbed  state  the  frontier  was  in  at  that 
time,  but  I  concluded  from  the  general  structure  of  the  country,  that  the  Takatu 
hill  mass  represented  a  section  comprising  both  cretaceous  and  lower  eocene 
strata ;  Dr.  W.  T.  Blanford  in  his  Memoir,  VoU  XX,  part  3,  combated  this  view, 
having  had  better  opportunities  of  studying  this  particular  section.  My  view, 
however,  has  now  been  amply  upheld  by  Mr.  Smith's  subsequent  work,  and  not  only 
have  upper  cretaceous  rocks  (with  belemnites)  been  found  to  constitute  the  main 
mass  of  the  Takatu  hills,  but  also  evidence  has  been  produced  of  the  presence  of 
older  (neocomian  and  Jurassic)  limestones  with  fossils.  The  uppermost  portion  of 
the  hill-mass  is  lower  nummulitic  as  represented  in  my  memoir.  A  fault  separates 
this  section  from  younger  eocene  beds  east  and  south-eastwards ;  this  fault  may 
be  observed  for  some  distance  and  forms  one  of  the  great  structural  features  of 
Baluchistin. 

Lala  Kishen  Singh  was  engaged  in  systematically  collecting  fossils  from  certain 
beds  described  by  Mr.  Oldham  in  the  paper  quoted  above ;  in  the  end  a  very 
valuable  collection  of  fossils  has  been  brought  together,  which  have  since  been 
examined  and  described  by  Dr.  Noetling.  The  description  will  be  published  in  the 
Palseontologia  Indica  as  soon  as  the  numerous  plates  can  be  lithographed ;  the 
manuscript  is  ready  for  the  press. 

The  general  result  fully  justified  my  original  opinion  that  there  is  quite  a  sharp 
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division  between  t!ie  cietaceoas  and  eocene  strata.  The  examination  of  the  fossils 
proved  also  the  existence  of  a  distinct  neocomian  and  below  it,  of  a  Jurassic  horizon. 
A  local  unconformity  occnrs  above  the  neocomian. 

The  section  at  Maz^r  Drik,  which  is  merely  a  type  of  numerous  similar  sections, 
is  as  follows  in  descending  order:— 

Middle^  r€  Shales  and  sandstones. 

\  Eocene      •         •  < 


Lower  j  1 5  Grey  limestone  beds  with  nummulites. 

[4  Calcareous  grit,  shales  and  limestone  with  an 
abundant  fauna  of    egphahpodM,  tchinoida^ 
Upper  CretaCdOOf   •        «  ^      eoraU,  formminifgra,  9tCm 

BeUtumiit  bearing  series  of  shales  and  lime- 
stone beds. 


I 


Local  uneonformUym 

Neocomian      .         «         •      fl  White  and  grey  limestone  with  btUmniieSm 
Upper  Jurassic         •         •      i  Hard  grey,  thick- bedded  limestone  with  a 

rich  ammonite  fauna. 

In  the  spring  of  1894, 1  instructed  Kishen  Singh  to  survey  the  area  south  and 
«oath-east  clthe  Zarghdn  and  south  of  the  Harnai  and  Khdst  hills  on  sheet  ai* 
—  of  the  Baluchist^  survey,  which  he  did  satisfactorily* — ^in  all  590  square 
miles. 

I  myself  continued  the  worlr,  which  I  had  begun  during  the  previous  field-season  ; 
the  ranges  which  divide  the  Quetta  valley  from  the  Pishin  and  the  Kdjak  range 
were  examined,  and  *  several  traverses  were  completed,  to  settle  the  question  of 
fltracture  of  these  ranges.  But  diere  is  still  much  to  be  done  and  it  will  require  at 
least  one  more  season's  worl^  to  fill  in  the  gaps  on  our  geological  map  of  the 
country  west  and  north-west  of  Quetta.  The  first  4}  months  of  1894  I  devoted  to 
the  study  and  survey  of  the  ranges  which  inclose  the  western  Zh6b  valley,  and 
especially  the  mass  of  hill-ranges  between  Loralai  and  Khanazai.  This  was  a 
continuation  of  my  previous  field-season's  work  and  the  result  is  a  fairly  accurate 
geological  survey  of  about  3,400  square  miles,  completed  during  the  greater  part 
of  two  seasons.  In  this  part  of  Baluchistan,  I  could  distinguish  the  following 
divisions  of  strata  in  descending  order : — 

r  (11)  Alluvium;   wide-fpread  deposits    of  sandy 
J    clays,  conglomerates,  and  also  in   places,  blown 

Receat <     ^J^nJ,^  which  generally  pass  up  imperceptibly 

^    from  the  next  older  formation. 

f  (10)  Red  and   white  sandy  clays  with  sandstone 
Seistiin  formation  Pletsteceae      •  \     and  conglomerate  beds,  with  much  gypsum   in 

'     layers  and  strings. 

f  (9)  Sandstone,    shales,  and  conglomerate  of  the 
Miocene  and  pliocene       •         .  <     ordinary  Siwalik  type ;  fossil  bones  and  casta 

'      of  large  gastropods* 


•■{ 


(8)  Grest  thickness  of    sandstone  beds,  very  like 
Younger  Eocene  and  Miocene .  j     the  Siwaliks    in  character,  but  with  occasional 

limestone  partings,  which  contain  marine  fossils. 
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_  C  (7)  Concretionary  limestone  and  J 

Great  development  of  )  (6)  Sandstones,  shales,  and  clay. 

basic  ff^neotts  rocks.  J  /-%  t.  .  .   ,.      *  !  ^  ^ 

Intrusions    of   later  (  ^^'  ^°'*^"  limestone  with  numm^ 

basic  J 
o,  tufa.    1 


Eocene         r      *  j      1  .     *  C  ^^^  Concretionary  limestone  and  shales  with  fos  a. 

Eocene.         Great  dev«lon«.n.  nf  ^  (^j  Sandstones,  shales,  and  clay. 

(5)  Thick  limestone  with  nummulitet. 


Upper        Interbedded        basic  ^  ^^i ''^"•'*^"*       "^'^^     SpkenodUcus,     Cardium 
Creta-  rocks;  gabbro,  tufa.    )     BeaumonH,  etc.,  etc. 

(3)  Shales  and  limestone  with  beUmmiUa. 

Neocomian           •         .         .         .  (2)  Thick  limestone  with  neocOmian  foteils. 
Jurassic (1)  Massive  limestone  with  Jurassic  fossils. 

Along  a  great  line  of  dislocation  which  runs  along  the  Chinjan  and  Yusnf  Kats 
valleys,  I  have  met  with  what  I  must  consider  genuihe  "  blocs  exotiques,  "—of 
carboniferous  and  triassic  rocks,  bearing  fossils.  The  dislocation  is  characterized 
by  intrusions  of  basic  rocks  which  obscure  the  position  of  these  ''  blocs.''  It  is 
hoped  that  more  evidence  of  the  same  will  be  forthcoming  during  the  next  field- 
seasons. 

One  of  the  most  remarkable  features  of  Baluchistdn  geology  is  the  association 
or  igneous  rocks  with  the  upper  cretaceous  and  the  lower  and  middle  part  of  the 
eocene  deposits.     The  first  outburst!  of  basic  rocks,  as'  far  as  can  at  present  be 
ascertained,  occurred  in  later  cretaceous  times  ;  at  least  evidence  of  intrusions  only 
have  been  met  with  in  the  Jurassic  beds,  and  even  the  lower  part  (limestones) 
of  the  upper  cretacious  seems  free  from  interbedded  igneous  rock,  but  on  the  other 
hand  these  beds  show   locally  great    alteration    near  intrasions    of   the    latter 
examples :  Kach  near  Quetta,  Gwil  and  other  localities  in  the  Zhdb  valley.    The 
earliest  evidences  of  contemporaneous  igneous  action  occur  in  the  upper  cretaceous 
belemnite  beds.  This  is  seen  clearest  in  the  upper  Zhdb  valley,  especially  near 
Gwdl.    Certain  large  areas  of  Baluchistan  (south  of  Hindu  High  and  Kdjak  range) 
are  entirely  made  up  of  great  outbursts  and  spreads  of  basic  igneous  rocks,  with 
gabbro  and  serpentine,  associated  with  a  few  sedimentary  beds,  which  are  much 
altered  in  places  and  quite  schistose  in  some.    It  is  hardly  possible  to  divide  this 
complex  of  rocks,  as  precisdy  similar  conditions  seem  to  have  continued  right  into 
middle  eocene  deposits.    The  higher  portion  of  this  facies,  which  may  be  compared 
to  the  Flysch  formation  of  Europe,  especially  as  developed  in  the  Island  of  Elba,— 
contains  a  few  beds  of  limestone  which  yielded  nummulites^  thus  limiting  the  dura* 
tion  of  igneous  action  to  the  period  between  the  deposition  of  upper  cretaceous  and 
middle  eocene  beds.      Quite  unaltered  limestone  with  upper  eocene  (Spintangi) 
fossils  overlies  the  igneous  facies  of  the  northern  Zhdb  and  of  the  Kdjak  range. 
All  trace  of  igneous  action  seems  to  have  died  out  during  that  epoch. 

The  Kojak  formation  of  shales,  limestones  and  tuffaceous  rocks, — in  places 
quite  schistose— I  considered  to  be  tertiary  in  1880  (Memoirs,  Vol.  XVIII)  and 
later  in  1884  (Records,  Vol.  XVIII,  page  59),  as  possibly  cretaceous ;  probably  both 
views  are  correct  to  some  extent,  and  they  may  represent  the  igneous  facies  ranging 
from  the  upper  cretaceous  belemnite  shales  to  middle  eocene,  and  the  formation 
may  be  a  continuation  westwards  of  the  upper  Zhdb  rocks.  7'hey  are  also  associated 
with  some  irregular  beds  of  limestone  which  contain  large  nummuli/es. 

Connected  with  this  great  volcanic  outburst  are  acid  rocks,  chiefly  of  the 
granitic  family,  which  form  part  of  the  Khwija  Amrdn,  and  these  may  have  been 
amongst  the  earliest  eruptions  which  took  place  there. 
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There  are    etill  a  few  questions  of  structural  importance  involved  in  the 

Yenangyoung  oil-bearing  tract  and  to  clear  up  the  same, 

BafuckUiAn.  ^''  Noetling  was  sent  to  Burma  during  this  field-season. 

Dr.  Friu  Noetling.        An  exhaustive  report  on  the  oil-region  will  be  brought  out 

by  him  shortly. 

During  the  hot  weather  and  rains  of  last  year  Dr.  Noetling  examined  and  de. 
scribed  the  fine  collection  of  cretaceous  and  Jurassic  fossils  from  Baluchistdn  which 
will  be  published  as  series  XVI  of  the  Palaeontologia  Indica. 

During  1894,  several  officers  were  employed  in  practical  investigations  only, 

but  in  all  cases  where  useful  minerals  were  come  across  bj 

Economic  Geology.        ^^^  ^^^  p^.^^  engaged  in  field  work,  such  occurrences 

have  also  been  reported  on. 

Mr.  LaTouche  was  during  the  past  yhss,  and  is  still,  engaged  in  the  trial  boring 

for  petroleum  at  Sukkur.    Mr.  Middlemiss  has  been  engaged  in  the  examination  of 

the  corundum  and  magnesite  deposits  of  Madras. 

Mr.  Holland  was  employed  in  reporting  on  the  Gohna  landslip  and  has  since 
been  engaged  in  making  numerous  assays  of  minerals  and  rocks. 

Mr.  Smith  surveyed  the  so-called  ''Quetta"  coal-area,  and  has  prepared  a 
report  which  will  be  published.  Dr.  Fritz  Noetling  was  deputed  to  report  on  the 
working  of  the  Dandote  and  Warora  coal-mines  and  has  issued  his  reports  on  the 
same.  He  is  now  at  Yenangyoung  in  Burma  in  order  to  finish  his  investigations 
of  the  oil-fields. 

Mr.  Grundy,  the  Inspector  of  Mines  in  India,  has  issued  his  first  report  for  the 
year  ending  1st  July  18941  which  has  been  printed  and  published.  He  has  since 
inspected  the  mines  in  Mysore,  Central  Provinces  and  Rewab,  and  will  proceed  to 
Hyderabad  (Dekkan),  the  Punjab  and  Baluchistan. 

Mr.  William  Anderson  has  been  posted  to  Chota  Nagpur  to  report  on  the-  sup- 
posed metalliferous  belt  of  rocks. 

Amongst  the  notes  on  useful  minerals  made  hj  officers  engaged  in  scientific 
surveys  only,  may  be  noticed  reports  by  Mr.  Bose  on  iron-ores,  pockets  of  man- 
ganese, traces  of  copper  and  veins  of  argentiferous  galena  (6i'6o  per  cent,  lead 
and  over  7  oz.  of  silver  to  the  ton)  in  the  Rewah  State. 

Mr.  Datta  reports  on  considerable  quantities  of  an  iron-ore  in  the  Sone  Valley> 
which  is  used  locally  for  iron-manufacture. 

Considerable  advance  has  been  made  in  the  publication  of  the  Palaeontologia 
Indica.  Dr.  Waagen  has  at  last  completed  Vol.  IV  of  seriea 
XIII,  which  deals  with  the  ammonites  of  the  ceratite  beds 
of  the  salt-range.    It  is  illustrated  by  40  quarto  plates  and  will  appear  shortly. 

Series  XV  of  the  Palaeontologia  Indica  has  been  commenced,  and  will  illustrate 
the  large  and  most  important  collection  of  fossils  from  the  Himalayas,  embracing 
not  only  the  specimens  preserved  in  the  Geological  Museum  in  Calcutta,  but  also 
every  known  specimen  found  in  the  Himalayas  and  preserved  in  the  various  Euro- 
pean museums.  Part  2  of  Vol.  II  of  this  series  is  completed,  and  will  appear  shortly, 
illustrated  by  31  quarto  plates,  descriptive  of  the  Muschelkalk  fauna  of  the  Hima- 
layas.   Several  other  parts  are  in  preparation. 

Memoirs,  Vol.  XXV,  on  the  geology  of  the  Bellary  district  by  R.  B.  Foote,  is 
nearly  ready  for  publicatioui  and  the  final  sheets  are  being  passed  for  the  press. 
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Vol.  XXVI  on  the  geology  of  Haztoi  by  C*  S.  Middlemiss  is  in  the  press,  and 
will  appear  shortly. 

Vol.  XXVII,  Part  x  on  the  miocene  fossils  of  Yenangyoung  by  Dr.  Noetling,  is 
in  type  and  will  shortly  appear ;  Part  2  on  the  oil-fields  of  Yenangyoung  is  in 
manuscript,  but  will  be  ready  for  publication  shortly  after  Dr.  Noetling  returns 
from  Burma. 

Mr.  Holland  has  re-arranged  and  labelled  the  collection  of  minerals  to  corre- 
spond with  the  more  modem  classification  adopted  in  the 
^^aseam  and  Labor-     ^^^  edition  of  Mr.  Mallet's  guide  which  has  been  re- 
written by  Mr.  Holland  for  the  use  of  students.    He  also 
described  a  large  number  of  rock  specimens  as  contributions  towards  the  work  of 
classifying  and  arranging  this  portion  of  the  collection.    Where  the  description  of 
the  specimens  has  given  promise  of  results  of  more  than  loccd  petrographical 
interest,  Mr.  Holland  has  taken  the  opportunity  of  college  vacations  to  work  out  their 
characters  more  fully  in  the  field.    In  this  way  we  have  obtained  a  fairly  compre- 
hensive account  of  the  distribution,  and  contact  effects  in  the  Bengal  coal-fields  of 
varieties  of  some  new  types  of  the  remarkable  group  of  peridotites.    Amongst  these 
the  mica-peridotites  which  frequently  contain  anthophyllite  and  chromite  are,  from 
the  excessive  amount  of  apatite  which  they  contain,  most  exceptional  types  amongst 
the  known  igneous  rocks  of  the  globe.    The  occuitence  of  these  peridotites,  which 
have  now  been  found  breaking  through  the  lower  Gondwana  series  in  all  Uie 
Bengal  coal-fields,  forms  an  interesting  comparison  with  the  peridotites  which  are 
similarly  intrasive  in  the  carbonaceous  rocks  of  about  the  same  age  in  South  Africa. 
The  large  number  of  specimens  of  the  peridotites  and  the  altered  and  associated 
sedimentary  rocks  form  a  most  instructive  series  in  the  Museum.    In  making  this 
collection  and  in  tracing  out  the  field  relations  of  the  rockS|  Mr.  Holland  hav 
received  most  valuable  help  from  Dr.  Saise,  Manager  of  the  East  India  Railway 
Company's  collieries  at  Giridih.    (A  detailed  description  of  these  rocks  appears 
in  Part  4  of  Vol.  XXVII  of  the  Records). 

Mr.  Holland  has  described  another  new  type  of  peridotite  from  the  district  of 
Manbhum  which  differs  from  previously  known  ones  in  containing  hypersthene 
associated  with  olivine,  augite,  biotite  and  hornblende.  (Records,  Vol.  XXVII, 
part  4.) 

The  mode  of  occurrence  of  the  rare  mineral  columbite  has  been  examined  at 
Pananoa  near  Nawadih,  East  Indian  Railway.  Mr.  Holland  has  found  it  in  lumps 
imbedded  in  the  quartz  of  a  very  coarse  grained  pegmatite  dyke,  intruded  into  a 
mica  schist,  which  is  crowded  with  tourmaline  crystals. 

The  list  of  assays  and  determinations  made  in  the  laboratory  has  been  pub- 
lished in  the  previous  volume  of  the  Records. 

The  work  in  the  Museum  was  naturally  interrupted  during  the  early  part  of 
the  year  by  Mr.  Holland's  absence  at  Gohna  and  Naini  Tal,  but  he  attributes 
the  satisfactory  progress  which  has  been  made  largely  to  the  valuable  work  done 
by  the  Museum  Assistant,  Mr.  T,  R.  Blyth. 

Whilst  so  much  progress  has  been  made  in  the  mineral  gallery  of  the  Depart- 
ment, it  is  much  to  be  regretted  that  the  palaeontologicai  collection  is  in  a  most 
unsatisfactory  state,  both'  as  regards  arrangement  of  specimens  and  condition  of 
the  labels  and  cases.    But  this  is  entirely  owing  to  the  long  absences  of  the  Palseon^ 


PART   1 .3  Annual  Report.  1 1 

tologist  of  the  Survej,  who  for  some  years  past  has  been  engaged  on  entirely 
different  work,  such  as  reporting  on  the  mineral  resources  of  Burma  and  the  inspec- 
tion of  collieries  in  India.  But  it  is  hoped  that  he  will  be  able  to  devote  himself  to 
more  scientific  work  in  future.  A  good  beginning  has  been  made  by  him  in 
describing^  the  miocene  fossils  of  Burma  and  the  cretaceous  collections  from 
BaluchistiLn,  and  we  may  reasonably  hopie  to  get  the  Palasontological  Museum  into 
order    during  the  next  two  years. 

There  is    much  need  of  an  efficient  Assistant  in  that  branch  of  the  Department. 
The  additions  to  the  library  amounted  to  1,756  volumes,  of  which  777  were 
Library.  acquired  by  presentation,  and  979  by  purchase. 

C.  L.  GRIESBACH, 
Direetor^  Geological  Survey  of  India. 
Calcutta, 


Th£  3 iii  January  tSgs* 


.1 
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List  of  Societies  and  other  Institutions  from  which  publications  have 
been  received  in  donation  or  exchange  for  the  Library  of  the  Geolo^ 
gical  Survey  of  India  during  the  year  1894. 

Adklaiox. — Royal  Society  of  South  Australia. 

Albany. — New  York  State  Museum. 
Ballarat. ^School  of  Mines. 
Baltimork.— John  Hopkins  University. 
Basel.— Naturforschende  Gesellschaft. 
Batavia.— Bataviaasch  Geonootschap  van  Kunsten  en  Wetenschappen. 
Belfast. — Natural  History  and  Philosophical  Society. 
BxRLiN.—Deutsche  Geologische  Gesellschaft. 

K.  Preuss.  Acad,  der  Wissenschaften. 
„  K.  Preuss  :  Geologische  Landesanstalt. 

BoLooNA.-— Reale  Accademia  delle  Scienze  deir  Istituto. 
Bombay. — Meteorological  Department,  Government  of  Bombay, 
y,  Natural  History  Society. 

„  Royal  Asiatic  Society. 

Bordeaux. — Sociit^  Linn^enne  de  Bordeaux. 

Boston. — American  Academy  of  Arts  and  Sciences. 

„  Society  of  Natural  History. 

Breslau. — Schlesische  Gesellschaft  fur  Vaterlandfsche  Cultor. 
Brisbane.— Royal  Geographical  Society  of  Australia. 
„  Royal  Society  of  Queensland. 

Bristol. — Bristol  Naturalists'  Society. 
Brussels.— Acad.  Roy.  des  Sciences. 
n         Soci^t^  Beige  de  Geographie. 
„  ,y      Roy.  Malacologique  de  Belgique. 

Budapest. — Kon.  Ungarische  Geol.  Anstalt. 
Buenos  Aires.— Acad.   Nacional  de  Ciencias   en    Cordoba    (Republica 
Argentina). 
Caen. — Soci^t^  Linnienne  de  Normandie. 
Calcutta. — Agricultural  and  Horticultural  Society  of  India. 
„  Asiatic  Society  of  Bengal. 

,,  Editor,  Indian  Engineering. 

,,  ,«      The  Indian  Engineer. 

„  Indian  Museum. 

,,         Meteorological  Department,  Government  of  India. 
„  Royal  Botanic  Garden. 

„  Survey  of  India. 

Cambridge. — ^Philosophical  Society. 

„         University  of  Cambridge. 
Cambridge,  Mass.— Museum  of  Comparative  Zoology. 
Cassel.— Verein  fiir  Naturkunde. 
Christiania.— Committee,  Norwegian  North  Atlantic  Expedition. 
Cincinnati.— Society  of  Natural  History. 
Copenhagen.— Kong.  Danske  Videnskabems  Selskab. 
Dehra  DiiN.^Great  Trigonometrical  Survey. 


PART  t.]  Annual  Report.  13 

Dks  Moinbs.— Iowa  Geological  Survey. 

Drisoxk.— Naturwissenschaftliche  GeselU.    Isis. 
Dublin. — Royal  Irish  Academy. 
„  ,,     Dublin  Society. 

Edinburgh. — Geological  Society. 

,,         Royal  Scottish  Geographical  Society. 
y»  „     Scottish  Society  of  Arts. 

„  „     Society. 

Florence. — R.  Biblioteca  Nazionale  Centrale  di  Firenze. 
Glasgow. — Glasgow  University. 
,»  Philosophical  Society. 

GoTHA. — Editor,  Petermann's  Geographische  Mittheilungen. 
GfrmNGEN. — K.  Gesells.  der  Wissenschaften. 

Halle. — Academia  Cssarea  Leop.-Carol.  Naturae  Curiosoram. 
Havre. — Soci^ti  G^ologique  de  Normandie. 
KdNiGSBERG.-^Physikalisch-Okonomische  Gesellschaft. 
Lausanne. — Soci^t^  Vaudoise  des  Sciences  Naturelles. 
LsiDB. — £cole  Polytechnique  de  Delft. 
Leipzig.— Verein  fiir  Erdkunde. 
LiiGB.— Soci^t^  G60I.  de  Belgique. 
Lille. — Soci6t6  G^ologique  du  Nord. 
Lisbon.— Section  des  Travaux  G60I.  du  Portugal. 
Liverpool.— Geological  Society. 
London.— British  Museum. 
I,         Geological  Society. 
„  Iron  and  Steel  Institute, 

99  Linnean  Society  of  London. 
,.  Royal  Geographical  Society. 
„  Royal  Institute  of  Great  Britain. 

„         Royal  Society. 
„         Society  of  Arts. 
„         Zoological  Society. 
Madrid. — Sociedad  Geografica  de  Madrid. 
Manchester. — Geological  Society. 

„  Literary  and  Philosophical  Society,  ^ 

Melbourne.-- Department  of  Mines  and  Water-Supply,  Victoria* 
„  Royal  Society  of  Victoria. 

MiLAN.^Societd  Italiana  di  Scienz6  Naturali. 
Moscow. — Soci6t<  Imp.  des  Natun 
Munich. — Ron.  Bayerische  Acad,  der  Wissensch. 
NAPLES.'-Reale  Accademia  delle  Scienze  Fisfche  e  Matematiche. 
Newcastle  upon-Ttne. — ^North    of  England  Institute  of   Mining  and 

Mechanical  Engineers. 
New  Haven.— Editor,  "  American  Journal  of  Science." 
New  Yore«— Academy  of  Sciences. 
Oxford. — University  Museum. 

Ottawa.— Geological  and  Natural  History  Survey  of  Canada, 
PARi8.'Editor,  Annuaire  G^ologique  Universel. 
,1       Commission  des  Mines. 
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Paris.— Ministere  des  Tramu  Publics  de  la  Caitb  Giologiqoe  de  la 
France. 
„        Socf^t^  de  Geographie. 
„  „      G^ologique  de  France. 

Pknzanck.— Royal  Geological  Society  of  Cornwall. 
Philadelphia. — Academy  of  Natmai  Sciences. 
„  American  Philosophical  Society. 

,9  Franklin  Institute. 

Pisa.*— Societa  Toscana  di  Scienze  Natural!. 
Rio«Dx- Janeiro.— Imperial  Observatory. 

Rochester. — Geological  Society  of  America. 
Rome. — ^Reale  Accad.  dei  Scienze. 
„  y,     Comitato  Geol.  dltalia. 

Sacramento. — California  State  Mining  Bureau. 
Saint  Petersburg. — Comit6  G^logique. 

„  Russische  Minenjogische  Gesellschaft. 

Salem.— Essex  Institute. 
San  Francisco. — California  Academy  of  Sciences. 

Shanghai. — China  Branch  of  the  Royal  Asiatic  Society. 
Springfield. — ^Illinois  State  Museum  of  Natural  History. 
Stoceholm.— L'Institut  Royal  Geol.  de  la  Sdede. 

„  Kongliga  Svenska  Vetenskaps  Akademie. 

Stdnxt.— Australian  Museum. 

y.         Department  of  Mines  and  Agriculture,  New  South  Wales. 
„         Geological  Survey  of  New  South  Wales. 
,y  linnean  Society  of  New  South  Wales. 

„  Royal  Society  of  New  South  Wales. 

ToKio.— Deutsche  Gesellschaft  fOr  Natur  und  Volkerkunde. 
Toronto. — Canadian  Institute. 

Turin. — Reale  Accad.  delle  Scienze  di  Torino. 

„        Regia  Universita  di  Torino. 
Venice.— Reale  Istituto  Veneto  di  Scienze. 
Vienna, — ^K.  Akad.  der  Wissenschaften. 
,,  K.  K.  Geographische  Gesellschaft. 

,,  K.  K.  Geologische  Reichsanstalt. 

,,  K.  K.  Naturhistorisches  Hof-Museum. 

Washington. — National  Academy  of  Sciences. 
„  Smithsonian  Institution. 

„  United  States  Geological  Survey. 

„  >f         »     Mint. 

^  „        „     National  Museum. 

Wellington.— New  Zealand  Institute. 
Yokohama.— Asiatic  Society  of  Japan. 
„  Seismological  Society  of  Japan. 

York.— Yorkshire  Philosophical  Society. 
ZURICH.- Naturforschende  Gesellschaft. 
The  Governments  of  Bengal,  Bombay,  India,  Madras,  and  the  Panj^b. 
The  Chief  Commissioners  of  Assam,  Burma,  and  the  Central  Provinces. 
The  Residents,  Hyderabad  and  Mysore. 
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The  Cretaceous    Formation  of  Pondicherry  by   H.   Warth,   D.  Sc, 
(Tubingen),  Deputy  Superintendent^  Geological  Survey  of  India. 

The  area  which  I  was  deputed  to  examine  during  January  and  February  1894, 
had  last  been  visited  by  the  late  Mr.  H.  F.  Blanford  in  i860, and  was  described 
by  him  in  Vol.  IV,  p.  156  of  the  Memoirs.  It  is  situated  between  the  Red  Hills 
of  Pondicherry  on  the  south-east  and  between  what  Mr.  Blanford  called  the 
Tirvukarai  ridge  on  the  north-west,  and  is  bounded  on  the  south-west  by  the 
alluvium  of  the  Arianki^am  river.  The  total  length  ^is  about  8,  and  the  width 
4  miles.  A  large  surface  of  this  ground  is  occupied  by  numerous  tanks  or 
artificial  reservoirs  for  rainwater,  used  for  irrigation.  Most  of  the  area  consists  of 
level  and  cultivated  fields,  amidst  which  are  a  few  isolated  exposures  of  rock  in  situ. 
It  is  not  nearly  as  favourable  for  study  as  are  the  cretaceous  sections  near  Trichino- 
poly ;  there  the  exposures  of  strata  on  eroded  patches  measure  square  miles,  whereas 
in  the  Pondicherry  area  they  amount  to  acres  or  even  square  yards  only.  This 
great  paucity  of  exposures  has  been  repeatedly  pointed  out  by  Mr.  H.  F.  Blanford, 
and  if,  notwithsUnding  this,  the  first  explorers,  Messrs.  Kaye  and  CunlifFe 
obtained  such  large  numbers  of  valuable  fossils  in  i840,1t  will  be  shown  further  on 
how  this  may  be  accounted  for. 

Mr.  H.  F.  Blanford  showed  that  the  cretaceous  strata  may  be  separated  into  two 
distinct  divisions :  the  lower  he  named  the  Valudayur  group,  which  hitherto  has 
been  considered  to  be  equivalent  to  the  Utatur  group  of  Trichinopoly,  whilst  the 
upper  series  he  found  to  be  identical  with  the  Ariyalur  group  of  Trichinopoly. 

Considerable  confusion  has  taken  place  in  the  collections  made  in  Pondicherry, 
and  the  object  of  my  visit  to  that  area  was  not  only  to  obtain  a  large  number  of 
lossilSi  but  to  establish  them  in  the  various  horizons.  I  have  succeeded  not  only 
in  separating  the  fossils  according  to  the  two  main  divisions,  but  I  have  been  able 
to  distinguish  three  successive  horizons  in  each  of  these  divisions.  We  have, 
therefore,  altogether  6  horizons  from  which  fossils  have  been  obtained,  the  three 
lower  of  which  constitute  Mr.  H.  F.  Blanford's  Valudayur  group,  whilst  the  three 
upper  ones  are  what  he  accepted  as  Ariyalur  group.  As  will  be  shown  later  on,  the 
whole  of  the  strata  must  now  be  considered  as  Ariyalur  group. 

The  bedding  of  these  horizons  is  either  horizontal  or  a  gently  dipping  towards 
south  east.  The  general  lithological  character  of  all  the  beds  is  that  of  sand 
or  sandy  clay  with  calcareous  nodules  or  concretions  which  are  scattered  throughout 
the  whole  formation.  Only  the  uppermost  horizon  contains  a  continuous  thin  layer 
of  limestone  in  addition  to  concretions. 

Horizon  A  is  the  lowest  sub-division  and  appears  on  the  surface  as  a  strip  2  miles 
.       .  wide.    It  is  separated  from  the  Tirvukarai  ridge  by  a  band 

of  alluvium  i^  miles  wide  which  conceals  all  outcrops. 
Going  from  north-west  to  south-east,  the  first  indication  of  the  horizon  consists  of 
irhite  sands  with  nodules  of  one  foot  thickness.  These  nodules  or  concretions 
contain  traces  of  annelid  channels  only.  They  are  also  stained  with  dendritic 
manganese.  The  localities  examined  are  well-exacavations,  \  mile  east-south-east 
of  Lingaredipaliam  and  x  mile  north-east  of  Katarampokam. 

Next  in  ascending  order  we  observe  yellow  sands  with  gravel,  i  mile  east- 
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north-east  of  Katerikupam  in  the  bed  of  the  canal,  and  in  the  ravine  i  mile  north- 
east of  Vanar.  The  latter  place  is  referred  to  by  Mr.  H.  F.  Blanford  on  page  157 
of  his  Memoir. 

Lastly,  we  have  sandy  clays  with  large  concretions,  which  contain;  annelid  casts, 
they  have  a  diameter  of  i  inch,  and  some  were  up  to  6  inches  in  length.   They  are 
usually  curved.    The  concretions  consist  of  crystalline  calcite  with  a  distinctly 
botryoidal  surface.    They  are  usually  somewhat  lenticular,  2  feet  thick,  and  of  3  feet 
diameter.    I  have  searched  for  them  in  vain  in  the  neighbourhood  of  the  Ariankupam 
between  Valudayur  and  Muterampatu,  but  the  concretions  are  well  exposed  at  the 
following  three  localities  which  are  on  the  same  strike,  from  south-west  to  north- 
east : — The  first  is  near  Katerikupam,  where  the  concretions  show  along  a  length  of 
over  \  mile  of  the  canal  excavation.    The  blocks  had  about  2  feet  diameter 
and  the  surfaces  were  decidedly  botryoidal,  proving  their  concretionary  origin. 
The  second  locality  is  about  }  miles  south-west  of  Vanur ;  the   concretions  are 
shown  very  clearly  in  several  square  wells.    They  form  layers  which  have  a  slight 
inclination  towards  the  south-east.    Many  of  the  lenticular  concretions  had  about 
i^  feet  thickness  and  3  feet  diameter  with  botryoidal  surfaces.    In  one  well  were 
so  many  concretions  and  so  close  together  that  they  presented  the  appearance  of  a 
continuous  bed  of  limestone,  2  feet  thick.    The  concretions  contain  numerous 
annelid  burrows.    I  broke  up  one  of  the  blocks  entirely  without  finding  a  trace 
of   any   fossil.     In  the  neighbouring  fields  were  also  scattered  blocks  of  the 
same  kind.    Near  the  village  of  Wattai  close  by,  is  a  large  square  tank  which  is 
lined  with  the  same  blocks  said  to  have  been  derived  from  the  excavated  tank  bed. 
Many  blocks  of  the  concretions  from  horizon  A  are  also  seen  in  the  lining  of 
other  tanks  in  the  neighbourhood,    for  instance  at  Vanur.    But  in  the   latter 
many  stones  had  been  used,  which  must  have  been  brought  from   near  Saidaram- 
pet  in    French  territory,  and  belong  possibly  to  horizon  £,  and    are    usjally 
fossiliferous.    It  is  not  easy  to  distinguish  always  the  different  blocks  from  each 
other.     But  those  from  horizon  A  have  no  fossil  shells  and  are  botryoidal,  whilst 
certain  fossils  show  others  at  once  to  have  been  derived  from  horizon  £.    The  third 
place  is  the  best  of  all  the  exposures.    It  is  immediately  south  of  the  village  of 
Andipaliam,  where  many  concretions  are  exposed  on  the   surface.    One  of  them 
was  2  feet  by  4  feet  by  6  feet.    The  concretions  formed  layers  with  a  moderate  dip 
to  the  south-south-east,  many  of  them  were  also  washed  out  of  the  matrix,  but 
most  probably  are  very  near  their  original  site.    Some  of  the  concretions  contained 
quartz  pebbles  about  2  inches  in  length  arranged  in  layers. 

I  observed  also  some  concretions  about  half  a  mile  south-east  of  Olundiapad, 
in  which  I  have  not  found  any  fossil,  but  which  I  am  inclined  to  include  in  horizon 
A. 

The  next  higher  horizon  B  contains  fossiliferous  concretions  and  has  also  yielded 
Horison  B  some  fossils  from  the  sandy  matrix.    I  include  herein  the 

exposure  of  yellow  sands  in  a  tank -bed,  i  mile  south-east  of 
Vanur.  At  that  place  I  found  many  minute  bivalves  and  a  few  distinct  BaculiUi 
vagina.  On  the  Vanur  Pondicherry  road,  i  mile  north  of  Saidarampet,  small  bivalves 
occur  in  a  white  sand,  which  I  include  in  B,  although  it  is  in  contact  with  scattered 
blocks  of  horizon  £.  I  also  include  with  B  large,  slightly  fossiliferous  concretions 
and  nodules,  i   mile  south-south-east  of  Pulichapaliam,    In  the  road  ditch  and  in 


frART  I.]        Warth:  Cr€tMC€9us  Fvrmaiim  of  Fondkherry.  17 

some  wells  east  of  the  road,  I  foRnd  foedilifeioas  concretions  o£  large  size,  of 
which  one  has  yielded  a  small  ammonite^ 

Horizon  C  b  the  most  important  of  all,  as  it  seems  most  probable  that  from  it 
Horizon  C  ^^^  derived  the  cephalopods  which>  Messrs.  Kaye  and 

Cunliffe  obtained  about  the  year  L840.  The  spot  from 
which  most  of  these  fossils  appear  to  have  come  is  northrnocth-east  of  Valudayur 
and  north  of  Totipet,  It  is  from  this  place  that  I  obtained  the  best  fossils  of  horizon 
C,  but  some  I  foand  farther  north-east  close  to  the  village  of  Rantankuppam. 
I  foand  in  this  horizon  four  small  ammonites^  several  species  of  Hamitety  Bacu^ 
ma  iMjpna  in  nameroas  well  preserved  specimens,  maay  lamillibranchiaiOi  gtu- 
iropcda,  etc.  The  list  at  the  end  of  this  paper  refers  to  preliminary  identifications 
by  Dr»  Kossmat. 

The  fossils  occoT  in  blocks  which  are  not  f'lr  stfu,  but  washed  out  of  the  allavia 
ground,  and  are  largely  used  for  bailding  purposes^  so  that  the  supply  is  really 
limited.  I  have  now  used  ap  all  the  loose  blocks  which  I  could  see,  and  I  doubt 
whether  more  will  be  found  for  a  considerable  time  to  come.  Mr.  EL  F.  Blanford 
considered  the  place  already  exhausted,  as  will  be  apparent  from  his  remarks  on 
pi^S^  iS4»  i55>  iS^f  i5^>  i^3»  Memoirs,  Vol.  IV,  and  page  2  of  his  account  of 
Cretaceous  Cephalopoda  in  the  Palatoniologia  Indica. 

Mr.  Blanford  referred  at  some  length  to  the  ridge  east  of  Valudayur  on  which 
he  traced  the  boundary  between  his  Valudayur  group  and  the  overiying  Ariyalor 
group.  This  ridge  is  not  a  very  prominent  object  in  the  landscape,  and  some  of 
the  exposures  on  it,  which  Mr.  H.  F.  Blanford  described,  must  since  have  dis- 
appeared. If  the  Topographical  Survey  map  had  been  provided  with  contour  lines, 
this  ridge  as  well  as  the  Tirvukarai  and  Red  hills  ridges  would  be  clearly  shown, 
but  although  this  is  not  the  case,  the  ridge  in  question  is  marked  by  the  space 
which  it  occupies  between  two  rows  of  irrigation  tanks,  and  a  line  drawn  on 
the  map  from  Tutipet  to  Akasampatti  travels  along  the  centre  of  the  ridge. 
It  rises  about  115  feet  above  the  sea  and  thus  about  45  feet  above  the  rreta« 
ceous  area  to  the  north-west  of  it  and  89  feet  above  the  level  of  the  great  Usteri 
tank  lake  to  the  south-east.  Near  Tatipet  and  Valudayur,  the  north-west  base  and 
part  of  the  slope  of  the  ridge  comprises  horizon  C.  Towards  north-east  the  ridge 
merges  more  or  less  into  the  more  elevated  country,  and  the  exposure  of  horizon  C 
near  Rautankupam  is  on  nearly  level  ground.  As  mil  be  seen  hereafter,  the  south- 
east slope  of  the  ridge  about  Tutipet,  Karasur  and  Saidarampet  coincides  with  the 
harder  beds  of  the  horizon  F,  and  it  is  very  probable  that  these  limestone  banks 
have  been  the  canse  of  the  preservation  of  the  ridge. 

The  horizon  D  is  characterized  by  a  continuous  bed  of  sandy  shale,  several 
feet  thick,  which  is  full  of  casts  of  shells,  most  of  them  those 
of  lamellidranchiafa,  Tn'gonoarca  Gaidnna,  Macrodon 
yaptticum^  AUctryonia  ungula/a,  etc.  Others  will  be  found  on  the  list  at  the  end. 
I  also  foand  a  few  ammontfes  and  Baeuliies  vagina  and  some  specimens  of  nauiilus 
two  feet  in  diameter.  A  few  specimens  of  UrebraiuU  were  also  found  in  this 
horizon,  also  some  coralt  and  eckt'noidia.    Small  fish  teeth  were  numerous. 

A  fact  of  importance  is  the  wholesale  conversion  of  shells  into  phosphate,  or 
imther  the  production  of  interim  casts  of  shells  consisting  of  rich  black  phosphate. 

C 
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Some  of  the  casts  show  also  the  impression  of  honey-combed  cells  one-fiftieth  of  an 
inch  in  diameter,  most  likely  due  to  bryozoa.  In  this  same  stratum  are  also  nu- 
merous concretions  of  light  brown  colour,  which  are  likewise  strongly  pfaosphatic  ; 
they  are  of  irregular  shapes,  resembling  some  organic  structure. 

I  found  three  very  clear  exposures  of  this  horizon.  The  first  in  a  well,  a  quarter 
of  a  mile  west-south-west  of  Tutipet,  the  second  is  in  situ  on  the  surface  of  the  road 
a  quarter  of  a  mile  north  of  Karasur,  the  third  is  in  a  well  a  quarter  of  a  mile  west 
of  Rautankupam  on  the  west  side  of  the  Tmdivanam  Pondicbeny  road.  A  small 
exposure  was  also  noted  in  a  well,  a  quarter  of  a  mile  north-west  of  Royapudupakam» 
In  the  Rautankupam  well  the  sandy  bed,  which  contains  the  qists  of  shells,  is 
also  partly  replaced  by  concretions  of  one  foot  thickness,  in  which  fossils  occur. 

Phosphatized  shells  are  not  found  in  any  of  the  other  horizons,  with  the 
exception  of  the  lowest  portions  of  horizon  £•  There  are  some  phosphatic 
cores  of  light  color  in  the  centre  of  gastropods,  in  nodules  of  the  upper  part  of 
horizon  F.  But  these  cores  are  of  quite  different  appearance  to  the  phosphatic 
matter  in  D,  and  in  much  smaller  quantity.  The  black  phosphatized  shells  are  a 
sure  indication  of  horizon  D  and  the  overlying  portions  of  horizon  £.  They  are 
seen  in  several  places  scattered  over  the  fields  mixed  with  other  fossils,  where  no 
distinct  exposures  of  the  strata  are  otherwise  seen. 

This  horizon  is  important  on  account  of  the  large  number  of  nodules  of  shell 
limestone  it  contains.    A  very  great  number  of  the  nodules 
Hon«on    .  ^^^  ^^^^  utilized  for  tank  revetments  ^nd  buildings  in  the 

neighbourhood.  Many  were  also  used  for  walls,  buildings  and  pavements  in  Pondi- 
cherry.  The  pavement  shows  all  the  various  fossils  of  the  horizon  in  sections.  One 
fossil  is  especially  very  prominent  and  characteristic.  It  is  a  coral,  Cyclolites  filament 
t^sa,  which  is  seen  in  semicircular  sections.  Exogyra  ostracina  is  also  common. 
Owing  to  the  systematic  removal  of  blocks  from  the  surface  of  the  outcrop,  it 
18  generally  difficult  to  trace  the  area  of  horizon  £,  but  at  a  place  near  Kaiasur  I 
still  saw  the  blocks  being  quarried,  and  one  very  large  deposit  of  blocks  is  exposed  in 
situ.  There  is  also  an  outlier  of  this  deposit  consisting  of  some  40  blocks,  at  a  point 
I  mile  north  of  Saidarampet.  The  worn  surfaces  of  the  blocks  show  sections  of 
numerous  fossils,  which  contrast  strongly  against  the  brown  matrix.  Besides  gas^ 
tropoda  and  lamellihranchiaia  in  great  numbers,  the  sections  also  show  the  semi- 
circular or  crescent  shaped  outlines  of  CycloliUs  filamen/osa,  which  coral  is  most 
characteristic  of  horizon  £. 

The  wall  of  a  tank  near  the  village  of  Royapudupakam  yielded  numerous  fossils 
as  has  already  been  pointed  out  by  Mr.  Blanford.  Amongst  them  I  collected 
£xogyra  ostracina^  Aieciryonia  ungulaia,  Eupfycha  hrvaia^  nautilus^  etc.  Some 
of  the  fossils  are  also  found  in  horizon  D  and  with  them  were  also  some  black 
phosphatic  nodules. 

The  uppermost  horizon  is  characterized  by   fucoid  casts,  which  are  cylindrical 

and  about  three  quarter  of  an  inch  thick  and  generally  in 

broken  pieces  of  about  five  inches  length  ;  some  of  these 

casts  are  bifurcated.    They  are  much  used  for  lime  burning,  along  with  calcareous 

nodules  found  in  the  same  bed.    The  latter  are  about  two  inches  diameter  and 
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spical  /^tumntfera  of  mlaBU  size ;  tbej  are  dug  *np  from  the  soil  which, 
overlies  some  of  the  facoid  limestone. 

The  same  yellow,  ciystalline,  somewhat  sandy  limestone  was  foond  exposed 
at  the  Usteri  canal,  one  mile  south-south-east  of  Valudayur  and  half  a  mile  along 
that  canal  towards  south-east ;  at  four  places  on  the  way  thence  to  Kadaperikupam  ; 
at  the  kilns  half  a  mile  south-west  of  Kadaperikupam ;  at  Kadaperikupam ;  at  Saida-  , 
lampet ;  at  the  kilns  quarter  of  a  mile  east-north-east  of  Saidarampet ;  half  a  mile 
west  of  Akasampati;  quarter  of  a  mile  east-south-east  of  Akasampati ;  quarter  of  a 
mile  south  of  Wattampalliam  (French  part  of  village  called  Sanjiverampet),  and  lastly 
in  the  bed  of  a  large  open  tank  near  Royapudapakam. 

The  limestone  is  the  only  continuous  bed  of  hard  rock  in  the  Pondicherry 
cretaceous.  At  the  Usteri  canal  I  estimated  the  total  thickness  to  be  iL\t  feet  of 
limestone^  with  partings  of  sand»  At  Saidarampet  a  solid  bed  of  limestone  showed 
two  feet  thickness  with  a  dip  of  four  degrees  south-east. 

Most  of  the  fossils  are  obtained  from  the  overlying  sands.  Amongst  them  are 
some  very  characteristic  corals  {Coryophylla  arcotensis^  CycloWes  conot'dea),  Tiride 
tubes  in  abundance  and  very  large  gastropods  (cones  of  one  foot  length),  Nautilus 
strpeniinus  and  one  nautilus  with  a  very  sharp  keel,  apparently  a  new  species. 

The  limestone  dips  generally  towards  south-east,  the  surface  of  the  country  co- 
inciding with  the  dip  slope.  Above  the  limestone,  clays  and  sands  with  nodules 
continue.  One  clay  bed  with  layers  of  nodules  has  already  been  mentioned  as 
containing  some  shells  with  light  coloured  phosphatic  cores.  In  this  bed  remains 
of  a  turtle  were  found.  Still  higher  up  in  the  series  large  concretions  of  two  feet 
diameter  are  seen  in  an  excavation  one  mile  north  of  Tirusitambalam  (^t  the 
road  fork).  Near  Tirusitambalam  I  noticed  yellow  clays  with  minute  bivalves, 
and  similar  clays  continue  up  the  side  of  the  Red  hills  ridge.  These  were  no  doubt 
the  upper-most  cretaceous  deposits  mentioned  by  Mr.  H.  F.  Blanford,.  page  160, 
Vol  IV. 

These  six   horizons  represent  the  whole  sequence  of   the  cretaceous  strata. 

With  the  exception  of  horizon  F  the  exposures  of  the  strata 

A  line  of  »ection.        ^^  ^^^  ^^^  ^^^  .^  ^^^j^  ^^  difficult  to  find  a  continuous 

sequence.  But  there  is,  hpwever,]  a  line  of  section,  in  which  four  horizons  are 
well  represented  and  the  other  two  at  least  indirectly.  This  is  along  the  Tindi- 
vanam  Pondicherry  road.  Starting  at  a  place  12  miles  from  Pondicherry,  we 
obtain  a  fair  section  along  a  straight  road  gf  about  4i  miles  length,  along  which 
exposures  of  most  of  the  horizons  a;e  seen. 

The  general  dip  of  the  sequence  of  beds  was  given  by 
Dip  of  strata.  ^^^  ^^  p  Blanford  as  two  degrees,  which  accords  with  my 

own  observations. 

The  total  thickness  of  the  cretaceous  rocks  of  Pondi- 
Thickness.  cherry  may  be  about  900  feet. 

The  fossils  obtained  were  sent  to  Vienna  for  determination  and  they  ha\s  since 
Preliminary  table  of     been  examined  by  Dr.  F.  Kossmat  of  the  University 'of  that 
fotsib.  city.    He  will  describe  the  collection  in  detail,  but  has 

given  the.annesed  preliminary  list  of  fossils. 
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Dr.  Kofismat  intends  giving  %  faller  description  of  the  fossils  later  on»  but  I  am 
aathoriiBed  to  state  that  he  considers  the  Pondicherry  creta- 
^"^  ceons  series  to  belong  to  the  Ariyaliir  division.    1  may  also 

remark  here  that  these  fossils  have  confirmed  this  conclasion,  which  Dr.  Kossmat 
had  already  arrived  at  from  other  evidence ;  he  had  compared  the  original  type 
specimens  of  the  cepalopods  of  the  Utator  and  of  the  so-c&lled  Valudayur  groaps 
and  had  also  discovered  new  points  of  agreement  between  the  fauna  of  the  Ariyalur 
group  of  the  Trichinopoly  area  and  the  Valudayur  group,  and  also  with  the  creta- 
ceous fanna  of  Natal.  The  Valudayur  group  will  cease  to  be  so  distinguished  and 
the  horizons  A,  B,  C,  will  have  to  be  considered  to  be  lower  Ariyalur  only 
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Some  earty  allusions  to  Barren  Island  ;  wth  a  few  remarks  thereon^  by 
F.  R.  Mallet,  F.  G.  S.,  late  Superintendent^  Geological  Survey  of 
India. 

When  writing  the  description  of  Barren  Island  that  appeared  in  the  twenty-first 
volume  of  the  Survey  Memoirs,  I  was  unable  to  refer  to  any  accounts  of  the 
Volcano  earlier  than  that  by  Lieutenant  Colebrooke,  who  saw  it  from  a  distaiiceln 
1787,  and  that  by  Captain  Blair,  who  landed  during  a  violent  eruption  in  1789^  The 
name  '  Barren  Island,'  however,  was  not  originally  given  by  either  of  those  observers : 
it  had  been  applied  before  their  time  10  the  Volcano,  which,  by  some,  had  also  been 
called  *  Monday '  and '  High '  Island.  It  was  clear,  therefore,  that  the  island  was  more 
or  less  known  before  Blair's  visit,  and  it  seemed  possible  that  some  one  or  more 
accounts  of  it,  by  navigators  who  had  seen,  or  even  landed  on  it,  might  be  in 
existence,  and  that  perchance  some  allusions  to  its  volcanic  covdition  earHer  l^n 
those  mentioned  above,  might  be  on  record,  I  have  recently  taken  advantage  of 
residence  near  London  to  try  whether  any  such  accounts  could  be  found,  and  with 
this  object  in  view,  have  made  a  somewhat  laborious  search  at  the  libnoies  of  the 
India  Office,  the  British  Muteum,  and  the  Public  Record  Office.  The  exanunation 
of  a  very  large  number  of  printed  works  and  manuscripts  has,  I  am  sorry  to  say, 
not  led  to  the  acquisition  of  a  corresponding  amount  of  new  information,  and  there 
can  be  little  doubt  that  there  still  exist  accounts  which  remain  to  be  discovefed. 
But  the  following  records,  however  meagre,  at  least  add  something  to  our  know- 
ledge of  the  volcano. 

The  earliest  indication  of  the   island  being  known,  that  T  am  awaf  e  of,  is  to  be  ■ 

,,     - .    ^u  *      w^fte  found   in  the  original  Dutch   edition   of  Van  Lms^ 

Van  Linschoten,  IS9S«  r    .     ,  o  •      ,  .  , 

choten  s*  voyages^ :  this  work  contains  two  maps  en- 
graved in  1595,  one  of  India  and  some  adjoining  countries,  the  other  of  the  Malay 
Peninsula  and  archipelago^  The 'Andemaon'  and  adjacent  islands  are  inchided 
in  both,  the  configuration  in  one  being  identical  with  that  ia  the  other.  '  Nac^m- 
daon  '  is  placed  in  lat.  14°  ao'«  No  longitudes  are  given,  but  the  position  is  90 
miles^  £•  or  £.  \  N.,from  the  northern  end  of  the  Andamans.  About  45  miles  S. 
by  E.  from  "  Nacondaon  "  (Narcondam),  in  Lat.  13**  35',  there  is  a  nameless  island 
which  is  much  nearer  the  true  latitude  of  Narcondam  (13®  a6^)  than  that  to  which 
the  name  is  attached,  and  it  is  prbbaWy  a  duplication  of  that  island,  through  a 
discrepant,  and  more  accurate,  determination  ol  its  position.' 

»  Asiatic  Researches,  Vol.  IV,  p.  397. 

*  Erroaeously  printed  '^Linschtea"  in  M«molrs»  G.  $•  I.  VoL  XXI9  foot-notes  to  pages 
S64  and  ^85. 

*  '*Itinerario  Voyage  ofte  Schipvaert,  Van  Jan  Hajgen  Van  Linschoten  naer  oost  ofte 
Portugaels  Indien,"  etc.,  Amstelredaniy  1596. 

«  Facsimiles  of  these  maps  (but  with  the  Dutch  titles,  etc.,  rendered  into  English)  are 
included  in  '*John  Hatghen  Van  Linschoten,  Ma  Discours  of  Voyages  into  ye  Easte  and  West 
Indies,"  London,  1598,  a  translation  of  the  original  work. 

*  Here,  and  elsewhere,  the  miles  given  are  nautical  ones* 

€  On  a  "  Chart  of  the  Bay  of  Bengal/'  contained  in  the  "East  India  Pilot,  or  Oriental 
Navigator/'  and  dated  1778,  or  nearly  two  centuries  later  than  Linschoten's  maps,  *'Narcon- 
dam  of  the  Portuguese  "|  is  marked  in  Lat.  13*    4/    and  "High    I.  or  Narcondam  of  the 
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A  second  small  and  nameless  island  is  marked  about  45  miles  east  of  the 
Andamans,  in  Lat.  12^25'.  This  is  some  10  or  i a  miles  N.  W.  from  the  trae 
position  of  Barren  Island,  for  which,  I  think,  there  can  be  no  reasonable  doubt 
that  it  is  meant,  as  there  is  no  other  land  for  which  it  can  possibly  be  intended. 

Linscholen  makes  no  mention  of  having  himself  visited  the  Andaman  Islands. 
In  the  titles  of  the  above  named  maps  it  is  stated  that  they  were  "  perfectly  drawne 
and  examined  with  the  most  expert  cardes  of  the  Portingales  Pilots,"  which 
suggests  that  the  island  just  mentioned  were  inserted  on  Portuguese  authority  as 
the  explorer  who  charted  them  thought  Narcondam  worthy  of  a  name  on  the  map. 
Perhaps  if  Barren  Island  had  been  in  eruption,  and  thus  specially  attracted  his 
attention,  he  would  have  attached  one  to  it  also. 

On  many  chaits  of  much  later  date  than  Linschoten's,  no  land  near  .the  position 
Go^ii    v6&  ^^  Barren  Island  is  indicated.    Hence  it  was  a  new  dis- 

covery to  Captain  H.  Gough,  when  he  sighted  it  in  1708. 
The  log  of  his  ship»  the  Stretham,  is  preserved  at  the  India  Office.  On  the  rTth 
December  of  the  year  just  mentioned,  the  following  entry  was  made: — "Now  at 
sunrise  we  see  Land^  from  W.  b.  N.  to  N.  W,  b,  N.,  at  7  o'clock  ye  squall  being 
over  we  had  an  Island  appearing  thus"  (small  sketch  given) ;  "  then  ye  other  land 
bore  from  W.  to  N.  W.  by  W.  distance,  I  judge,  10  or  la  leagues.  Now  we 
have  no  drafts'  that  anything  answer  these  bearings ;  therefore  I  commenced  one 
From  ye  Lat.  ii**  which  will  include  ye  shoall,'to  Lat.  14°,  which  will  carry  me  to  ye 
Cocos  Islands ;  see  the  other  side.**  The  last  sentence  refers  to  Cough's  M.  S.  chart,* 
on  which  the  island,  without  any  name,  is  marked  in  Lat.  11"  53',  and  58  miles 
E.  S.£.  from  the  Andaman  coast.  It  is  about  23  miles  south  of  the  true  position  of 
Barren  Island,  an  error  which  is  probably  due  to  the  fact  that  while  Gough  obtained 
his  latitude  on  the  i6th  by  observation,  that  on  the  17th  was  by  "  account."  There 
is,  however,  a  discrepancy  between  the  log  and  the  chart.  In  the  former  his 
latitude  on  the  17th  is  given  as  12**  30',  while  on  the  chart  his  position  at  noon  is 
marked  in  Lat.  12'  18'.  If  this  difference  were  applied  to  the  island,  it  would  bring 
its  latitude  within  11  minutes  of  the  correct  one. 

The  island  when  seen  was  at  a  distance  of  8  or  10  leagues  to  the  £.  S.  £.,  and 

French"  45  miles  to  .the  S.  E,hy  E.  in  Lat.  13**  20'.  On  «' a  general  map  of  the  East- 
Indies"  (1781),  contained  in  the  same  Atlas,  "Narcondam  according  to  the  Portuguese "  is 
marked  in  Ut.  13**  4S',  and  ««NarCondam  or  High  IsUnd  according  to    the  French,"  60  mUea 

to  the  S.  by  E.  in  Lat  12*  50'.  The  French  Island  is  cerUinly  not  intended  for  Barren 
Island,  although  the  latter,  as  previously  remarked,    has  also  been  known  under  the  name  of 

High  Island.    (See  remarks,  further  on,  about  the  "Flat    Ulands,"  and  c/.   Memoirs  G,  S.  In 
Vol.  XXI,    foot-notes  to  pages  2S4    and  285).  1  have  not    succeeded    in  Ending  any  original 
accounts  of  the  Portuguese  or  French  observaticns. 
■  The  Andaman  Coast 

*  The  obsolete  term  for  chart. 

«  The  *«  Flat  Rock,  awash  "  of  the  Admiralty  chart  (lat.  ii*  8^.  Capt.  Gough  puts  it  in 
11*10',  and  on  the  14th  December  writes  -.-Now  as  we  rose  from  dinner  we  see  Breakers 
N.  N.  E.  of  us  nothing  appearing  above  water.  1  suppose  them  7  or  S  miles  of  as  they 
broke  high.  We  tacked.  This  shoall  we  find  in  our  Drafts  as  to  Latitude,  but  iU  laid  not 
aboT^  7  leagues  off  ye  little  Andemons  and  we  see  them  not," 

*  Scale  3i  iriches  to  i'  of  latitude.  A  copy,  on  a  tsduced  scale,  is  included  in  Dalrymple's 
Plans  and  Charts. 
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measnres  on  the  chart  about  4  miles  x    s,  with  ihe  length  perpendiciilar  to  the 
line  of  sight ;  but  this  was  evidently  a  mere  eye-estimate. 

There  is  a  rough  free-hand  sketch  of  the  island  in  the  log,  from  the  point  of 
View  just  mentioned,  which  represents  ft  as  a  ^ery  high  one,"  with  the  culmination 
near  the  S.  S.  W.  extremity,  a  nearly  flat  top  inclining  gently  towards  the  N.  N.  E.p 
and  steep  slopes  at  the  ends  exactly  the  appearance  which  Barren  Island,  at  the 
present  time,  would  have,  if  viewed  from  the  same  position,'  except  that  the  height, 
in  proportion  to  the  breadth,  in  the  sketch,*  is  a  good  deal  more  than  in  nature. 
This  is  so  obviously  due  to  exaggeration,  which  might,  perhaps,  be  almost  expected 
in  a  rough  t>utiine  evidently  dashed  off  currenit  caiamo^  that  it  would  be  waste  of 
space  to  raise  the  question  whether  the  valcano  really  was  much  higher  in  1708. 
Had  such  been  the  case  indeed,  the  truncation  of  the  ancient  cone  must  neces- 
sarily have  been  far  les8=  than  is  implied  by4he  riietch,  and  the  latter  would  entirely 
fail  to  represent  the  facts.^  There  is^no  indication,  in  the  sketch,  of  ;8moke*  rising 
from  the  volcano. 

Reference  to  ihe  observations  of  several  navigators  may  lie  found  in  a**  Memoir 

...        .  _  of  a  chart  of  the  Indian  Ocean,"  1787  (contained  m  the 

Various  <A>sefvera.  _  ,  ,.   ^    ,         1  ,     *.t       .     ,  •*         .    ^ 

first  volume  of  Darlymple  s  Nautical  Memoirs),  where  at 

page  36  we  read^:— 

"The  Island,  called  Barren  Islandhy  Capt.  Taylor  and  Capt  Justice,  Monday 

Island  by  Cheyne,  from  old  Draughts;  and  Aito  by  Cajyt.  Baker  and  C.  Alves^  is  in 

Lat.    12*  20'  N.  by  C.Mills,    lysa 
J  2  23  AWes,    1760. 

^a*2o  jottice^  >77t. 

I2'2e  ifaylor,  1780. 

Long,  by  Capt.  Taylor's  observations  of  Sun  and  Moon  93^  lo'E.  from  Greea. 
wich." 

The  log  of  Ci^.  Cheyne's  ship?  (the  Lapwiiig)  -shows  that  Cheyne  passed 
"Monday"  (Barren)  Island,  at  the  close  of  October  1748. 
eyne,  174  •  ^^  ^^  ^  £^^^  various  points  of  the  compass,  but  he  made 
no  nearer  approach  than  8  or  9  leagues.  His  observed  latitudes  on  the  28th  and 
29th,  combined  with  the  bearings  and  estimated  distances  of  the  island,  respec- 
tively made  it  in  lat.  12°  6'  and  la*  16'.  He  remarks  that  "this  by  some 
js  caUed  Monday  Island,  but  we  have  no  account  of  it  in  the  draught." 

^  The  gi^ateat  elevation,  at  measared  by  <:apt. -Hobday  ia  1684.  -is  1,158  feet t  therefore 
allowing  for  curvature  and  refraction,  the  ialand  at  a  distance  of  ^  leagoea  woaU  rite  more 
than  700  feet^bove  Ihe  horiion.  while  at  10  leagues  it  would  ttill  rise  aearljr  5oo. 

»  c/.  Capt  Hobday's  sketch,  in  the  corner  of  bis  map  (Merooifs,  Vol.  XXI),  Uken  from 
nearly  the  same  bearing,  but  much  mearer  the  volcano. 

•  One  to  five,  which,  under  the  circumstances  of  distance  mentioned,  would  indicate  a 
height  of  inoje  than  a,ooofeet  if  the  sketch  had  been  drawn  accurately  to  scale. 

•  */.  Hemarka,  in  the  aacceeding  paper,  as  to  the  probable  antiquity  of  the  truncation. 

•  A  couvenient  term,  and^uite  as  accurate  as  ciodcr  and  ash,  in  connection  with  vol- 
canoes. 

•  ••Barren  Island.  stUl  smaller  than  Narcondam,  is  called  Hkewise  Af«firf«jr  Uland;  and 
by  the  Portugu€s»e  Hha  Al{a  (High  Uland).*'  •  The  Oriental  Navigator,*  by  J.  Purdy,  Undon, 
1826,  page  3SO.  The  information  in  this  work  about  the  Andamans  is  of  somewhat  old  date 
and  "  eatracied  chiefly  from  Capt.  Richie's  acoount," 

•  India  Office  Records. 
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In  the  yetii  1758*  Captain  Mills,  of  the  t>rak6,  noticed  ''Land  even  with  the 
A  water"  in  Lat.  ii**  u',  aiid  "he  says  the  lind  and  (Alto, 

Miii%  i7S».  ^jjj^jj  jj^  ^j3j  jirracondam,  bears  of  each  other  N.  b.  E. 

i  £.  &nd  S.  b.  W.  {  W.  distant  ai  I^gnes/'^  liehich  makes  the  latitude  of  Alto 
(Barren  Island)  la^  la',  or  within  4  mtnntes  6f  th«  noW  accepted  valne.  This 
quotation  is  6f  interest  from  the  name  Arracondam  (presumably  a  corruption  of 
Narcondam)  being  applied  to  Barren  Islond.  Although  I  do  not  think  Captain 
Mills'  application  of  tht  name  can  be  taken  as  proving  anything,  as  he  probably 
80  used  it  through  imperfect  imformation,  still  the  point  is  worthy  of  notice  in 
connection  with  the  origin  of  the  t6rm  Narcondam  alluded  to  in  my  memoir  on 
the  volcanoes.' 

I  have  not  met  with  any  record  by  Captain  Alves  or  Baker.    The  discovery  of 
^     .  a  dangerous  rock  was  reported  by  Captain  Justice  in  1771, 

•"    77  •  vbich  he  describes  in  some  detail*  and  at  the  condusiOo 

aays  "  Imagining  I  was  to  the  westward  of  the  Little  Andaman  I  stood  to  the  N. 
N.  £. — ward  in  order  to  get  its  true  place,  but  on  the  and  November,  at  6  o'clock 
in  the  morning,  I  was  surprised  to  see  Barren  Itland;  it  lays  by  my  account,  not 
aiUowing  the  current,  to  be  ao  miles  to  the  westward  Of  Barren  Island^  in  the 
latitude  of  11*07  or  ii*ia."* 

The  lollowing  remarks  by  Captain  Taylor^  of  the  Ship  'Ceres'  are  perhaps 
worth  reproduction  in  full,  as  illustrative  of  the  inaccuracy 
*^  '  and  uncertainty  that  prevailed  about  Barren  Island  until 

late  in  (he  last  century  :— 

X  X  X  X  X 

*' January  la"  (1780),  ''per  medium  of  13  good  sights  of  the  longitude  found 
ourselves  in  93''  36'  longitude  from  Greenwich,  which  is  i^  33'  W.  since  last  sights 
and  by  the  charts  is  nearly  the  longitude  of  the  Islands,  laid  down  in  la^  and 
11°  30'  N.  Lat.  by  the  name  of  Barren  Island.  Kept  a  very  good  look  otit  in  the 
night  and  sounded  as  per  log  ;  neitt  morning  at  daylight  saw  a  pretty  large  Island 
bearing  N.E.  \  £.,  10  leagues,  the  ezt.  of  the  Andamans  (just  in  sight)  from 
W.N.W.  to  S.W.  by  S.,  9  or  10  leagues.  Till  noon,  that  we  had  a  good  observation, 
could  not  determine  whether  the  Island  m  sight  was  the  northernmost  Barren  Island 
or  Narcondam  /  we  observed  in  1 1^  59'  N.,  the  lat.  of  the  northernmost  Barren 
Island  as  laid  down  in  the  charts;  the  Island  bearing  N.E.  by  N.  between  8 

I  Memoir  o(  a  Chart  of  the  ladian  Ocean,  1787,  p.  37,  in  Dalrymple's  Naatical  Memoirs, 
Vol.  I. 

*  Page  s84* 

•  He  wai  not,  however,  the  original  discoverer  of  the  danger,  which  was  seen  by  Gough  in 
1708.  and  alluded  to  by  him  as  prcTioosly  known. 

«  Li,  the  rock  b  ao  miles  west  of  the  meridian  of  Barren  Island. 

^  M.  S.  Bengal  Public  Consultations,  India  Office  Records;  and  Memoir  of  a  Chart  of 
the  Indian  Ocean,  1787,  (op.  (<!.),  p.  36.  I  may  mention  here,  IneidenUlly,  that  the  earliest 
illustration  of  Narcondam  I  have  met  with,  is  to  be  found  on  a  **  Chart  from  Negrais  to  the 
Island  Camlcobar»  by  John  Richie,  1771  "  (Dalrymple's  Plans  and  CharU),  as  might  bo 
anticipated  in  respect  to  an  extinct  Tolcano ;  this  sketch  (**  Narcondam,  bearing  E.  by  S. 
distant  7  miles  "Oi  shows  no  perceptible  Tariation  from  the  present  outline.  On  this  Chart 
Barren  Island  is  not  indicated. 

«  Dalrymple's  Naatical  Memoir^  Vol.  IL 
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and  9  leagues  distant  which  makes  it  come  nearest  the  lat.  of  Barren  Island.  A 
day  or  two  afterwards  by  a  very  good  observation  within  3  or  3  miles  from  the 
northern  end  of  it,  find  its  latitude  to  be  i3°  2c/ northern  (21  miles  to  the  northward 
of  its  situation  upon  the  Charts)^  and  its  longitude,  by  several  very  good  observa- 
tions of  the  Sun  and  Moon,  to  be  93^  10'  £.  from  Greenwich. 

The  nearest  of  the  Andaman  Islands  we  could  see  bearing  S.  W.  by  W,  from  it 
18  or  20  leagues.  As  for  the  southernmost  Barren  Island  we  concluded  that  it 
did  not  exist,  or  if  it  did,  that  it  must  be  very  erroneously  placed  in  the  charts,  for 
the  day  after  we  saw  Barren  Island  we  were  set  to  the  southward  in  endeavouring 
to  pass  to  the  eastward  of  it,  and  at  noon  had  the  Island  bearing  from  N.b.W.  to 
N.N.W.,  12  leagues  and  observed  in  11°  48'  N.,  which  is  nearly  the  southernmost 
Barren  Island  (as  laid  down)  notwithstanding  which,  saw  no  such  Island  although 
the  weather  was  very  clear ;  since  which  time  I  was  informed  by  the  Captain  of  a 
Portuguese  schooner  that  he  had  seen  both  the  Islands,  the  southernmost  being 
situated  much  further  to  the  westward  than  laid  down. 

"  I  likewise  have  it  from  good  authority  that  Captain  Sharringtbn  of  the  Bahar 
country  ship  saw  the  rocks  under  its  ship's  bottom  and  sounded  in  4  fathoms 
Barren  Island  being  N.N.W.  5  or  6  leagues.  In  the  charts  there  is  some  dangers 
laid  down*  to  the  southward  of  the  southernmost  Barren  Island^  I  imagine  it  is 
meant  to  be  placed  to  the  southward  of  the  northernmost,  as  I  think  it  seems  doubtful 
whether  there  are  but  one  or  two  Islands.  The  Island  of  Narcondam  bears  N.  by 
£.  \  £.  23  leagues  distant,  from  Barren  Island  in  lat.  13^  26'  N.  And  Long. 
93®  30'  E.  from  Greenwich,  both  ascertained  from  very  good  observations.  The 
Island  Narcondam  and  Barren  Island  appear  very  different  when  seen  at  some 
distance;  so  that,  independant  of  their  latitudes,  with  a  simple  sketch  of  each 
Island  a  man  could  be  at  no  loss  readily  to  know  the  one  Island  from  the  other. 
Narcondam  makes  like  a  sugar  loaf,  quite  flat  at  the  top,  and  may  be  seen  at 
least  18  leagues  from  the  mast  head,  for  we  saw  it  13  or  14  leagues  from  the 
poop  pretty  high  out  of  water,  the  weather  rather  hazy ;  this  distance  may  be 
depended  upon  as  its  calculated  from  the  bearings  and  differences  of  latitude. 

<*  Barren  Island  appears  much  longer,  but  not  quite  so  high ;  the  watermost 
ext,  is  the  highest,  and  makes  with  a  peak,  descending  to  a  low  point  to  the 
eastward,  although  when  you  come  near  it,  it  seems  of  an  equal  height,  with  a 
peak  at  each  end;  it  may  be  seen  at  least  15  or  16  leagues,  for  it  was  high  out  of 
the  water  when  we  saw  it  bearing  N.  by  W.  12  or  13  leagues  distant  per 
calculation." 

In  explanation  of  Captain  Taylor's  surmise,  whether  one  Barren  Island,  or  two, 

existed,  I  may  say  that  in  various  atlases  of  the  eighteenth 

One  Island,  or  two         century*  two  small  islands  are  marked,  one   nearly  due 

north  of  the  other,  on  a  meridian  some  50  miles  east  of  (what  appears  to  represent) 

Cf,  Gough's  observations,  F.  R.  M. 

That  reported  by  Gough  and  Justice?  F.  R.  M. 
•  €.  g.  •*  Le  Neptune  Or'enUl  on  Routier  g^n^ral  des  CAtes  des  Indes  OrientaleS,**  Piris, 
1745  iJLzUi  Raies).  "Carte  de  L'  Inde  par  le  Sr.  D'Anville,  dated  1752,  contained  in  the 
same  author's  "  G^ogtaphie  Ancienne  Abr^g^e,"  I769  {Isles  Rases).  "  A  New  Directory  for  the 
Bast  Indies"  (based ort  Le  Neptune),  6th  edition,  London,  1767  (Barren  Islands).  "  The  Bast 
India  Pilot  or  Oriental  Navigator,"  a  charts  dated  respectivfely  1778  (Flat  Islands  and  danreti 
Ulands— both  names  given)  and  1781,  Flat  Islands 
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fte Sooth  Andaman.  The  latitude  done  wfiei  from  ir^  ai'to  n^'jo^;  that  of 
the  other  from  1 1*  59'  to  12"  8'.  In  the  French  Atlases  these  are  called  the  *  Jkt 
Ram!  while  in  some  of  the  English  thejr  are  called  the  *  Barren  Islands '  and  in 
others  the  •  Flat  Island.'  However,  one  or  two  Of  these  names  came  mto  use 
fpossibljr  through  some  mistranslation  from  one  lan^piage  into  another),  the 
northern  IfkSase,  as  charted,  agrees  very  fairly  in  position  with  Barren  Island,  and 
cannot  be  intended  for  anything  else.  What  the  southern  Isle  Rase  was 
intended  for  I  do  not  know.  It  was  not  meant  for  the  rock  east  of  Duncan's 
passage,*  for  in  some  Adases,  (^^.,  Le  Neptune  Orientol),  the  latter  is  marked  in 
iiddition  to  the  hUt  Rases,  in  latitude  10**  55''  or  11°  tf. 

Perhaps  the  most  likely  solution  is  that  (like  Narcondam,  as  pievionsly  men- 
tioned) Barren  Island  was  dufylicated  on  the  charts,  through  discrepant  determina- 
«ons  of  its  position.  But  it  is  at  least  a  possibility  that,  like  Graham's  Island,  in 
the  Mediterranean,  the  southern  Isle  m^y  have  been  an  ephemeral  one,  due  to  a 
volcanic  ertiption,  chiefly  of  fragmentary  ejecta.  It  is  conceivable  thatr  after  it 
fcad  been  wasiied  away  by  the  sea,  the  last  visible  remnants  were  the  rocks  reported 
by  Captain  Shanrington,  5  or  6  feagires  S.  &.  E.  of  Barrett  Island,  and  that 
evca  these  sobsequcntly  disappeared,  thus  explaining  Horsburgh?tf  remark  that 
Shasyiagtonfs  accoonc  "  fs  rendered  doubtful,  for  no  signs  of  a  shoal-ba»h  in.  the 
sitiiatio»  described  have  been  discoverd  for  many  years.'** 

Another  possibility  is  that  the  temporary  Island,  and  Sharrington's  rocks,  were 
&  S.  W.  of  Barren  Island  (the  S-.  S.  E  bearing  given  by  Taylor  being 
duetoanotmicomro on  kind  of  clerical  error).  This  would  place  them'  in  the 
line  jjSMiing  Flat  Rock,  Barren  Island,  and  Narcondam,  and  on  the  suppositional 
ssbmar^ie  ridge  of  Dr.  Pkaih,*  and  would  account,  in  another  way  to  that  suggested 
above,  for  the  rocks  not  being  re-discovered  to  the  S.  S.  E.,  as  well  as  for  the 
statement  of  the  Portuguese  Captain.  It  would  be  useless,  however,  to  puisue* 
this  specuhttion  reared  on  such  a  slender  basis. 

I  have  made  unsuccessful  attempts,  at  the  libraries  mentioned,  to  discover  the 

ni  •       fio  original   of  Captain  Blair's  report  on  the  Andamans,  part 

•  »7«9.  Q^  ^jj.^jj^  relating  to  Barren  Island,  is  quoted  by  Lientenaiit 

Colebrooke  in  the  Asiatic  Researches.    The  following  letter,*  however,  daSed  igih 

April  1789,  serves  to  supplement  the  above :  "To  the  Right  Hon'ble  Gharies  Earl 

Comwallis,  K.G.,  Governor  General,  etc.,  in  Council  :— 

My  Lord  •  ♦  •  ^    '  After  examining  Diligent 

Strait  and  the  archipelago,  I  proceeded  to  Barren  Island  and  found  the  volcano 
in  a  violent  state  of  eruption,  throwing  out  showers  of  red  hot  stones  and  immense 
volumes  of  smoke.  There  were  two  or  three  eruptions  while  I  was  close  tothe  foot  of 
the  cone  ;  several  of  the  stones  rolled  down  and  bounded  a  good  way  past  the  foot 
of  it.  After  a  diKgent  search  I  could  find  nothing  of  sulphur  or  anything  that 
answered  the  description  of  lava.  •  •  •  I  have,  to.  "  Archibaid 
Blair." 

» The  «  Flat  Rock  awash  '  of  the  Admiralty  chart  ;   that  reported  by  Captain  Jnatice. 
» India  Directory,  3rd  edition^  1807,  Vol.  II,  p.  37* 
t  See  abstract  of  his  memoir  in  the  following  bibliography. 

*  Bengal  Political  and  Secret  Consultations.  Dated  Fort  William,  the  aiat  Angast^ 
17891  India  Office  Records.  The  portions  of  the  letter  omitted  relate  to  the  Andaman 
Islands; 
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The  pteceding  account  is,  in  moel  respects^  veiy  similar  to  that  in  the  report 
alluded  to,  and  the  chief  interest  lies  in  the  final  sentence.  I  have  argued,  on  other 
grounds,^  that  the  lava  streams  which  now  extend  from  the  central  cone  westward 
towards  the  sea  were  emitted.after  Blair's  visit ;  but  his  own  statement,  that  after 
diligent  Search  heconld  find  nothing  resembling  lava,  puts  the  question  beyond  dis- 
cussidn.  It  is  scarcely  conceivable  that  any  one,  however  inexperienced  in  volcanic 
geology,  cotild  fail  to  recognize  the  true  character  of  such  typical  streams 
at  the  first  'glance.*  There  are,  however,  still  further  proofs  that  the  lava  was 
emitted  after  Blaifs  time«  From  the  points  of  issue  the  streams  flowed 
down  the  slope  of  the  cone,  and  their  heads  now  constitute  a  portion  of  its 
surface,  so  that  there  have  been  no  accretions  to  the  cone  since  the  occurrence 
in  question.  But  it  is  shown,  in  the  succeeding  paragraphs,  that  the  cone 
has  greatly  increased  in  bulk  since  1789,  and  any  lava  emitted  then,  or  previ- 
ously, and  solidified  on  iu  flanks,  would  now  be  deeply  buried  beneath  the  later 
products  of  eruption.  I  have  previously  stated,'  that  no  fragmentary  ejecta  (scori», 
Ac.)  have  ever  fallen,  direct  from  the  crater,  on  to  the  surface  of  the  lava,  which 
must,  therefore,  have  been  emitted  after  the  last  eruption  of  such  materials  In 
other  words,  the  lava  must  be  the  latest  volcanic  product,  and  cannot,  apparently* 
have  been  emitted  earlier  than  1804,  the  date  of  the  last  outburst  of  which  we 
have  any  record.  We  have  no  reason  to  suppose  that  the  different  streams  were 
emitted  at  considerable  intervals,  and  the  existence  of  the  hot  spring  in  1833  shows 
that  the  southern  stream,  at  least,  had  been  potired  forth  before  that  date>  That  Blair 
found  no  sulphur  is  very  natural.  The  superficial  deposits  are  entirely  confined  to  the 
newer  cone,*  which  was  inaccessible  to  him,  owing  to  the  eruption.  Even  if  he 
could  have  ascended  it,  he  would  have  found  none.  The  present  deposits  have  been 
formed  since  the  last  eruption  of  scoriae,  and  therefore  long  after  his  visit,  while  the 
outburst  he  witnessed  must  have  destroyed,  or  buried,  any  previously  visible. 

Captain  Blair's  landing  on  the  island  still  remains  the  first,  of  which  we  have 
any  record. 

It  is  worthy  of  mention  in  connection  with  Blair's  visit,  that  Test* s  "  view  of  the 
volcano  on  Barren  Island,  bearing  east,  about  one  mile  off"  >  taken  the  day  before 
Blair  landed,  gives  the  means  of  arriving  at  an  approximation  to  the  height  of  the 
newer  cone  at  that  time.  The  sketch  represents  the  summit  of  the  cone  as  rising  very 
slightly  above  the  sky  line  of  the  old  crater  rim  behind  it,  and  a  careful  comparison 
of  corresponding  points  in  the  sketch,  and  in  Hobday's  map  of  1884,  shows  that  the 
artist,  the  summit  of  the  cone,  and  the  eminence  on  the  old  crater  rim  which 
Hobday  marked  as  1060  feet,  in  height,  were  in  a  line ;  and  likewise  shows  that  the 
eminence  in  question  was  concealed,  and  only  just  concealed,  by  the  summit  of  the 

1  Mem.  G.  S.  I.,  Vol.  XXI,  p.  871. 

*  There  wai  of  course  lant  in  ahandance  visible  to  Capt.  Blair,  at  a  distance,  where  it 
outcrops,  interbedded  with  seoriaOf  on  the  scarped  walla  of  the  ancient  crater.  But  its  pe- 
trologtcal  character  in  such  position  would  be  far  from  self-evident  to  a  non*geologist 

>  Mem.  G.  S.  I.,  Vol.  XXI,  p.  tri- 
«/ AM  p.  274. 

*  There  may  possibly  exist  buried  deposits  amongst  the  rooks  of  both  the  ancient  and 
the  newer  cone. 

*  A  water  colour  sketch  measuring  i6|  inches  x  6  x  British  Museum  library,  Press  mack 
K.  lie;  31,  yid9  Mem.  G.  S.  I.  Vol.  XXI,  p.  963,  the  ilkstratioo  accompanying  this 
paper  is  a  photographic  reproduction  on  the  scale  of  one-haU. 
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cone^:  in  other  words,  the  eminence  and  the  cone  subtended  almost  exactly 
the  same  angle,  their  respective  distances  from  the  point  of  view,  and  the  height 
of  the  eminence,*  being  obtained  from  the  map,  give  the  height  of  the  cone  as 
cxactlj  800  feet,  assuming  the  two  angles  involved  to  be  identical,  and  that  Test 
estimated  his  di^ance  from  the  shore  correctly.  I  do  not  thfaik  any  probable 
difference  in  the  angles  would  make  a  difference  of  more  than  20  or  30  feet  in  the 
hdght,  while  an  error  of  a  quarter  of  a  mile  in  the  estimated  distance,  one  way  or 
the  other,  would  make  a  difference  of  about  30ft.  The  errors  due  to  these  two  sources 
if  they  exist,  maj  partial! j,  or  entirely,  neutralize  each  other;  but  even  if  they  are 
both  of  the  same  sign,  the  total  error  is  probably  well  under  100  ft,  and  is  almost 
certainl J  not  ovtt  this  amount  While,  therefore,  it  may  be  taken  as  almost  beyond 
quesdon,  that  the  height  of  the  cone  was  between  700  and  900  ft^  it  is  much  more 
likelj  that  it  was  between  750  and  850  than  outside  these  limits,  and  the  most  pro- 
bable altitude  is  about  800*. 

Lieutenant  Wales'  sketch,  as  reproduced  m  the  Asiatic  Researches  (Vol.  IV)  is 
on  a  smaller  scale  than  Test* s,  and  shows  marks  of  less  careful  elaboration ;  but  the 
height  calculated  from  it  agrees  verj  fairly  with  the  above,  giving  the  most  prob- 
able elevation  as  between  800  and  830  ft,  the  lower  figures  being  the  more 
likely. 

Corroborative  evidence  of  a  considerable  increase  in  the  size  of  the  cone  is 
afforded  by  a  large  protuberance,  represented  in  Test's  sketch  on  the  lower  part  of 
the  north-western  slope.  This  was  quite  obliterated  in  1884,  owing,  doubtless,  to  its 
having  been  buried  beneath  the  ejecta  that  have  been  emitted  since  Test  used  his 
lirush. 

Supposing  the  true  height  to  have  been  800  ft.,  the  cone,  which  is  now  1015 
must  have  just  doubled  in  bulk  between  the  time  of  Blair's  visit  and  1857,  since 
which  date  we  know  that  there  has  not  been  any  eruption,  a  suggestive  conclusion 
in  regard  to  the  period  of  time  during  which  the  entire  pile  may  have  been  heaped 
up.* 

Test,  like  others,'  over-estimated  the  slope  of  the  newer  cone,  where,  as  is  most- 
ly the  case,  the  sides  are  composed  of  fragmentary  ejecta,  the  declivity  is  almost 
perfectly  uniform,  at  an  angle  of  about  3a  degrees,  except  near  the  base,  where 
die  inclination  gradually  diminishes  in  a  graceful  curve.* 

>  That  is  to  tty  if  the  coae  were  away,  the  akyline  of  the  crater  rim  would  be  seen  to 
rise  towards,  and  culminate  in  the  eminence.  As  the  sky  line  at  each  side  is  Imt  slightly  lower 
than  the  snmmit  of.  the  cone  (in  the  sketch),  the  eminence  mast  be,  as  nearly  as  possible, 
eqnaUy  high. 

•  Test's  sketch  gives  no  reason  to  snppose  that  the  height  of  the  eminence  is  different 
nowto  whatitwaslai789,althoaghit  is  perhaps  a  few  feet  more,  owing  to  accomnlations 
of  scoriae  doe  to  the  erupttons  since  then.  Any  alteration  doe  to  movement  of  the  crater  walls 
(had  snch  occurred)  would  probably  be  in  the  direction  of  subsidence,  and  would  tend  to  re« 
duce  the  calculated  height  of  the  newer  cone. 

•  According  to  Blair's  account  as  quoted  by  Colebrooke,  the  elevation  was  *'  i3oo  feet 
nearly  ";  a  manifest  clerical  error.    Were  the  figures  he  actvilly  gave  800  F 

«  Cf.  Mem.  G.  S.  I.»  Vol.  XXI,  p.  365. 

•  As  pointed  out  by  Dr.  Ball  (Records,  G.  S.  I.,  Vol.  VI,  p. 8s). 

•  See  illustration  in  Mem.  G.  S.  I.,  Vol.  XXI,  p.  ^i. 
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The  folloying  extad  f rom  tbe  log  of  the  Ship  ^  Worcester/^  commanded  by 
Hall    7  •;  Ciipt«n  Hall,  adds  one  more  to  the  recorded  eruptions 

» »795*  towards  the  clow  of  the  last  century  :-r- 

"Sunday,  aoth  December,  1795.  ^^  ^^  ^'V-  ^^  Commodore  made  the  sigiial 
for  seeing  the  land.  Saw  a  long  Island  higher  at  the  westward  end  sloping  gently 
to  the  eastward  N.  W.  |  W.  1 4  or  1 5  leagues  off  deck.  At  noon  it  bore  from  N.  W. 
to  N.  W.  I  W.  take  it  for  Barren  or  Monday  Island.  In  the  centre  a  smoke  arises 
and  has  the  appearance  of  a  volcano.  Its  Lat.  by  the  beuings  is  is^  sa'  N.  and 
Long,  by  my  chron.    No.  i,  9J®  54'  E,  Greenwich    x      x      x      x . 

" Monday,  aist  x  x  x  x .  At  6  A.M.  it  bore  S.  |  W.  about  10 
leagues  and  Narcondam  (both  from  the  deck)  M.  N.  £.  |  E.  about  la  WagMes. 
It  was  astonishing  the  repeated  columns  of  black  smoke  which  were  sent  up^ 
There  appeared  no  hill  (as  the  whole  Island  is  nearly  a  pkdn  snrfsce  gently  slop- 
ing to  the  eastward  as  mentioned  in  yesterday's  log)  but  the  smoke  was  from  the 
other  side  of  the  ridge  or  on  the  eastern  side." 

Any  one  unacquainted  with  the  (rue  topography  of  the  bland,  and  viawiog  $t 
from  a  distance  of  several  leagues,  might  easily  suppose  it  to  have  a  nearly  plain 
surface,  or  to  form  a  ridge.  Captain  Hall's  remark  that  the  .Island  is  "higher  at 
the  westward  end  sloping  gently  to  the  eastward  "  agrees  with  Captain  Taylor's 
that ''  the  westernmost  extremity  is  the  highest,  and  makes  with  a  peak  descending 
to  a  low  point  to  the  eastward. "  But  this  appearance  is  evidently  a  deceptive  one, 
as  Captain  Hobday's  map  shows  that  the  volcano  is  highest  towards  the  south- 
east, and  we  have  evidence,  in  Test's  sketch  of  the  Island  in  7789,'  that,  as  far  as 
the  ancient  cone  is  concerned,  the  outlines  then  were  practically  identical  with  the 
present  ones. 

The  volcano  was  again  in  eruption  at  the  end  of  January  i8o4»  when  H.  M*  S. 
^'Caroline"  passed  the  Island.  The  log' contains  the  {ollow- 
Cason,  i8q4,  .^^  ^^^^  ^^  ^^  31st--*"  Several  eruptions  of  fire  from  the 

volcano  on  Barren  Island  during  the  night."  This  outburst  (as  pointed  out  by  Dr.  V. 
Ball  ^)  is  also  mentioned,  by  one  of  the  officers,  in  an  '*  account  of  a  voyage  to 
India  and  China,  etc.,  in  H.  M.  S* ''  Caroline."  ^  His  remarks  are  given  in  the 
following  table. 

Not  one  of  the  observers  before  Colebrooke  (1787)  record  any  appearance  of 
Probable     condition     smoke  rising  from  the  Island,  or  make  any  remark  indica- 
of  volcano  m  i8th  cen-     tive  of  their  being  aware  of  its  volcanic  nature,  from  which 
^^*  it  may  not  unreasonably  be  assumed  that,  when  they  saw 

•the  volcano,  it  was  quiescent  or  at  most  giving  off  a  little  steam.^  It  seems  difficult  to 
imagine  that  while  the  bearings,  etc.,  of  the  Island  were  duly  recorded  in  the  log,  an 
eruption,  if  witnessed,  should  be  absolutely  ignored*  and  we  may,  perhaps,  further 
surmise  that  the  volcano  was  in  the  same  condition  when  seen  by  the  unknown 

'  India  Office  Records, 

"  Vidt  accompanjing  reproduction  and  Mem.  G.  S. I*,  VoLXXIi  p,  262. 

*  Public  Record  Office. 

^  Geological  MAgazine,  1888,  p.  404« 

•  Phillip's  Voyages  and  Travels,  Vol.  V. 

'  Colebrooke  saw  smoke  when^  he  was  7  leagues  off  the  Island,  and  Hall  (1795)  when  10 
leagues,  or  more.  Such  indeed  would  be  easily  visibly  when  the  Island  itself  was  below  the 
horison. 
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observers  who  first  applied  the  names  '  Monday '  and  'Barren'  Island  ;  at  dates  we 
are  unacquainted  with,  but  which  seem  fiot  improbably  to  lie  between  1708,  when 
Stretham  charted  the  Island  as  an  anonymous  one,  and  1748,  before  which  time 
both  names  appear  to  have  been  in  use.^  Had  the  volcano  been  in  eraption  when 
the  observers  in  question  saw  it,  it  does  not  seem  unlikely  that  they  would  have 
given  names  suggested  by  the  remarkable  phenomenon  of  which  they  were  specta- 
tors.* 

Assuming,  however,  that  the  volcano  was  quiescent  at  the  dates  previously  given, 
it  would  still  be  unsafe  to  argue  very  confidently  as  to  its  general  condition  in  the 
eighteenth  century,  as,  during  the  intervals  of  which  nothing  is  known,  many 
eruptions  may  have  occurred  for  ought  we  can  assert  to  the  contrary.  But,  at  the 
same  time,  the  fact  that  on  every  one  of  the  six  dates  included  in  the  following 
records,  between  1787  and  1804,  the  volcapo  was  very  active^  and  mostly  in  erup- 
tion, while  on  each  of  the  (three  or)  four  dates  between  1748  and  1780  it  appears 
to  have  been  quiescent,  can  hardly  be  attrijbuted  entirely  to  chance.  Hence  it  can 
scarcely  be  doubted  that  several  outbursts  during  the  two  decades  following  1785, 
have  passed  unnoticed,  while  we  shall,  perhaps,  not  greatly  err  if  we  regard  the 
preceding  four  decades  as  a  period  of  at  least  comparative,  and  possibly  total,  tran- 
quillity. There  is  also,  as  we  have  seen,  some  very  slight  ground  for  surmising 
that  this  tranquillity  may  have  extended  back  to  the  early  part  of  the  century.  Of 
antecedent  ages  we  know  nothing  from  direct  observation  unless  the  suggestion 
thrown  out  in  connection  with  Linschoten's  map  may  be  t^ken  as  one  very  faint  hint. 

In  conclusion,  it  may  be  convenient  to  add  a  revised  edition  of  the  tabular 
abstracts  given  in  my  memoir  on  the  volcano,  '  incorporat- 
ing the  preceding  records,  and  also  the  observations  that 
have  been  made  since  1884- 


Tabular  abstract. 


Date. 

Condition  of  volcano. 

Temperature  of  hot  springs. 

Authority. 

1595 

7th  Dec.    1708. 

aStb&agthOct. 
1748 

1758 

The  Island  appears  to  have 
been    known  at  this  time, 
btit  there  is  no  indication  of 
its  volcanic  nature  having 
b^n  recognised. 

Dormant     •        •        •        • 
Dormant     •        •        •        • 
Dormant  ?  .        •        •        • 

•«*... 

Maps  in  Van  Linscho- 
ten's  itinerario. 

Captain  Gough ;   log 
of  ship  "Stretham.'^ 

Captain  Cheyne;  log 
of  ship  "Lapwing." 

Captain  Mills,  of  ship 
"Drake.  "Memoir  of 
a  chart  of  the  Indian 

9c«n,    '787,?.   37. 
m  Dalrymple*8  Nau- 
tical Memoirs,  Vol.1. 

>  Cf.  Notice  of  Cheyne's  observations,  and  foot^pote   mentioning  '*  Le  Neptune  Oriental  * 

etc. 

*  Cf.t    however,  foot-note  in  the  next  paper,  on    the    possible  origin   of  the    name 

*  Barren.' 

•  Mem.  G.  S.  I.,  Vol.  XXI,  p.  272  and  275. 
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and  Nov.  1771 


13th  ft  15th  ]«n* 
1780        • 


istb  May  1787 


S4tli  March,  1789^ 


Cooditioo  of  volcaao. 


Dormaot 


179" 


Bodi   aod     9iat 
Dec.9  1795- 


November,  1803. 


99lb-3iil  Jan., 
i8a4« 


Tenpeiatu re  of  hot  springe* 


Dormant 


*«  Column  offlDoke  ascend- 
ing from  the  8anmif*was 
seen  from  a  distance  of  7^ 
leagues.  No  nearer  approach 
to  we  Island  was  made. 

'*ThevolcanD  vasin  a  vio- 
lent state  of  eraption,  bant- 
ing out  immense  volumes  of 
smoke,  and  frequently  show- 
ers of  red  hot  stones.  Some 
were  of  a  sise  to  7«gh 
three  or  four  tons^  and  had 
been  thrown  eome  hundred 
yards  past  the  foot  of  the 
cone.  There  were  two  or 
three  eruptieos,  while  we 
were  dose  to  it;  levoral  of 
the  red  hot  stones  rolfisd 
down  the  sides  of  the  cone^ 
and  bounded  a  con«iderable 
way  beyond  us." 

The  newer  cone  was  probably 
about  800ft.  high. 
'A  quantity  of  very  white 
smoke  close  to  the  crater.** 


On  3oth  sinokO  observed: 
on  3 1  St,  **  ft  was  astonishing 
the  repeated  columns  of 
black  smoke  which  were 
sent  up." 

•«  Exploded  regnlarly  every 
10  minutes,  projecting  each 
time  a  column  of  black 
smoke  perpendkularly  to  a 
great  height ;  and  ro  the 
night,  a  fire  of  considerable 
sise  continued  to  bom  on 
the  east  side  of  the  crater." 

39tfa.  Vokano  '*  was  burning 
very  fiercely,  the  ertt;»tkwB 
taking  place  every  eight  or 
ten  minutes,  with  a  hollow 
rumbling  noise.  •••We 
passed  within  a  mile  of  it, 
and  as  the  winds  were  tri- 
flinfT  we  observed  the  erup- 
tions for  three  dava  and 
nights  successively.'^  31^ 
Several  eruptions  of  fire 
during  the  night. 

The  recent  lava  ttieams 
appear  to  have  been  emitted 
not  earlier  than  this  date. 


Authority. 


No  mention  of  the  spring. 
Blair  was  the  first  who 
landed  on  the  iskuu^  aa 
farasiskaovo. 


Captain    Ju«tio^ 
ship  'Union  '  M. 
Bengal  Publk; 
sultations,  and 

Memoir  cil  a  chart  of 
the  Indian  Ocean 
(op.  dt.),  p.  36. 

Captain  Taylor,  of 
ship  "Dm"  Dal- 
lymple'a  Nautical 
Memoirs,  Vol.  II. 

lieutenant  Colebroke, 
Asiatic  Researches^ 
Vol.lY.p.39Z. 


Capt.Blaiv,qaotedby 
Uolebrooke  iloc*  ciL 
Letter  from  Capt. 
Blair,     dated  igth 

Test'a8ketS*of>3f4 
March,  1789. 


India  iDirectory,  by 
J.  Horsborgh,  3>'d 
edit.  (I8a7)»  VoL 
II*  p.  37- 

Capt.  Hall;  kig  of 
ship  '•Woccester.**^ 


Horsburghs  Ui.ek. 


Officer  of  H.  M.  S. 
<«Caroltne"|  Phillip's 
Voyages  andTraveK 
Vol  V, 

LogoCthe<'Carofinn.*» 
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Dale. 


March,  183a 


A^l,  1843 


185a 


18th  Dae.,  1857. 


iHd. 


lylh  March,  1858 


Condition  of  volcano. 


**  Large  ▼domes  of  thin 
white  smoke  kept  rontinual- 
ly  issuing"  from  the  sum- 
mit. 

The  southern  lava  stream 
was  emitted  before  this 
date,  as  evidenced  by  the 
existence  of  the  hot  spring. 
Probably  the  other  recent 
streams  had  also  been 
poured  forth. 


From  the  summit  of  the  cone 
*'  a  dear  and  foil  stream  of 
transparent  vapour  usued, 
so  transparent  that  it  was 
Dot   perceptible   from   the 


Temperature  of  hot  springs. 


Very  active  • 


"  Some  smoke  was  seen  oc- 
casionally to  issue  from  the 
slope  of  the  cone  "  a  little 
way  below  the  summit. 

The  date  of  the  last  eruption 
is  unknown,  but  the  un- 
changed condition  of  the 
crater  shows  that  there  was 
none  between  December 
1857  «nd  April  1891. 


"  On  approaching  to  within  a 
hundred  yards  of  the  shore, 
we  were  suddenly  assailed 
by  hot  puffs  of  wind,  and 
on  dipping  our  flogers  into 
the  water,  were  surprised 
to  find  ft  as  hot  almost  as 
if  it  had  been  boiling.  The 
stones  on  shore,  and  the 
rocks  exposed  by  the  ebbing 
of  the  tide,  were  smoking 
and  hissing,  and  the  water 
was  bubbling  all  round 
them.*' 


Authority. 


Commander  of  a  ship  j 
Journal,  Asiatic  So- 
ciety of  Bengal- 
Vol.  I,  p.  139. 


Temperature  **too  high  to 
be  borne  by  the  hand,  the 
mercury  in  the  only  ther- 
mometer in  our  possession 
rising  immediately  to  140*^— 
its  limit." 


Captain  Miller ;  Cal- 
cutU  Journal  of 
Natural  History, 
Vol.  Ill,  p.  423. 


«•  Bombav      Times," 
July,  1853. 

Dr  Playfair;  Selec. 
Rec.  Govt,  of  India 
(Home  Department), 
No.  XX V,  p.  123, 
Mem.G.S.  I,  Vd. 
XXI,  p.  368.  Dr. 
Prain  %  see  below. 


1863 


i^lh  April  1866 


March  1873 


''Clouds  of  hot  watery 
vapour,"  with  a  sulphurous 
smell,  issued  from  cracks 
near  the  summit,  on  the 
northern  and  southern 
edges  of  the  crater. 

The  recent  lava  streams 
were  (superficially)  "cold." 


Sulphurous  vapours  issuing 
along  the  edge  of  the 
crater. 

A  whitish  vapour  waa  evolved 
from  several  deep  fissures 
near  the  summit. 


From  the  highest  point  on 
the  northern  edge  of  the 
crater  a  thin  colomn  of 
white  vapoor,  and  sulphu- 
rous fumes  were  slowly 
poured  forth. 


'  A  naturml  boiling  spring.' 


'*The  water,  where  escaping 
from  the  rock,  most  have 
been  nearly  at  the  boiling 
point." 


<«  Scalding  hot" 


158**  to  iti"  F. 


130 


Dr.  Mouat;  Resear> 
ches  amongst  the 
Andaman  Islandera. 

Dr.  Liebig ;  Zeit- 
schrift  der  Deutsch 
Geol.  Gesellsch^ft, 
Vol.  X,  p.  899. 
Selec.  Rec.  Govt,  of 
India,    No.     XXV. 

S,  136.  Also  fn  Jour. 
s.  Soc.  Bengal, 
Vol.  XXIX,  p.  i| 
and  in  Mouars  Re- 
searches. 

Rev.  C.  Parish;  Pro- 
ceedings, Roy.Geog. 
Soc.,Vol.Vl,p.3i7. 

Andaman  Committee ; 
Proceedings,  As. 
Soc.  Bengal.  Oct. 
1866,  p.  315. 

Prof.  V.  Ball;  Records 
G.  S.  U  Vol.  VI, 
p.  88. 
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Date. 

Condition  of  volcano. 

Temperature  of  hot  springs. 

Authority. 

Feb.  1884 

Superheated  steam,  with  sul- 
phurous     vapour      issued 

to6**toii6^ 

F.  R.  Mallet:  Mem. 
G.S.I.,  Vol.  XXI, 

rather  copiously  from   the 

p.  273,  374. 

soUatara  on  the  north  side 

of  the  crater,  the  column. 

as  it  rose  into  the  air,  being 

visible    from    the  landing- 

place,  or  even  some  distance 

out    at    sea.     Steam,     in 

smaller     quantity,     issued 

from  some  other  spots  also. 

aSthApnliS86. 

"From    the    ship    the    thin 

110*     • 

Capt.  Carpenter, 
R.N.,H.M.1.M.S. 

column  of  steam  (from  the 

central  cone)  could  be  bare- 

' Investigator ';  Re- 
cords,    G.     S.    I., 

ly  seen  at  3  miles  distance.'* 

V-1.  XX.p.48  Mr. 
Daley,    ot     Investi- 

gator ;  Ex.  Cit. 

April  1891 

Some  steam  issued  from  the 

10s*  to  106*.         , 

Dr.  Prain:  Proceed- 
ings,      As.      Soc., 

crater  but  considerably  less 

than  in    1886;  it  was  not 

Bengal,  May,  1891, 

visible  from  the  sea,  or  even 

p.  84. 

from  the  landing-place.  New 

crusts   of  sulphur,   from  | 

to  i\  inches  thick,  had  been 

formed  at    the    solfataras 

since  February  18S4. 

1894 

"  The  Volcano  is  apparently 



Port  Blair  correspon- 

entering on  a  period  of  re- 

dent of  the  Allaha- 

newed      activity."       This 

bad  'Pioneer'/  quot- 

somewhat vague  statement 

ed    in  'Nature',  7th 

does  not  seem  to  have  been 

Junei894,|p.  131. 

corroborated . 

Bibliography  of  Barren  Island  and  Narcondam, /r^m    1884  to  1894; 
^ith  some  remarks  by  F.  R.  Mallet,  F.G.S.,  late  Superintendent^ 
Geological  Survey  of  India. 

The  Bibliography  of  the  Islands  up  to  1884  may  be  gathered  from  Dr.  V.  Ball's 
paper  in  an  earlier  volume  of  the  records,^  from  my  report  of  1884,  and  from  the 
preceding  pages.  The  following  papers  have  appeared  during  the  last  ten  years, 
but  I  am  not  prepared  to  say  that  the  list  is  complete,  as  there  may  be  other  refer- 
ences to  the  Islands  which  have  escaped  my  notice. 

I.  ''  Volcano  of  Barren  Island  in  the  Bay  of  Bengal"  :  American  Journal  of 
Science,  Vol.  XXXI  (1886;,  p.  394.  A  critical  notice  of  my  Memoir,  by  Pro- 
fessor J.  D.  Dana.' 

*  Vol.  VI  (1873),  p.  8x.    Republished  in  the  Geological  Magazine  1879,  p.  16. 

*  It  is,  perhaps,  worth  mentioning  here,  that  th«  itatement,  alluded  to  by  Prof.  Dana, 
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The  writer  discusses  the  way  in  which  the  upper  part  of  the  cone  of  a  volcano  is 
destroyed,  and  a  great  crater,  like  the  ancient  one  of  Barren  Island,  produced. 
He  holds  that,  during  a  paroxysmal  eruption,  the  portion  of  the  cone  in  question 
is  not  blown  away  peacemeal,  but  that  the  walls  of  the  crater  are  undermined  by 
the  melted  lava,  and  sink  down  in  consequence  into  the  abyss  beneath.  ''  Finally 
in  the  catastrophic  eruption  when  the  force  from  the  rising  vapours  and  from  other 
conditions  becomes  greater  than  the  mountain  can  withstand— a  point  often  abrupt- 
ly reached — the  sides  break  and  one  or  more  fissures  let  out  the  liquid  lavas* 
However  explosive  the  action,  the  solid  rock  of  the  summit  of  the  cone,  while  it 
may  be  more  or  less  removed  by  the  forces  engaged,  instead  of  being  projected 
over  the  outer  slopes,  sinks  down  into  the  abyss  so  made.  Thus  a  volcanic  cone 
under  the  most  formidable  of  explosive  eruptions  may  lose  its  head,  but  if  so,  it  is 
by  swallowing  it,  or  simply  by  a  collapse.  The  same  is  the  process  in  quiet 
Kilauea,  the  solid  lavas  of  the  borders  of  the  fiery  region  sink  because  the  discharge 
of  the  liquid  rock  makes  a  void  beneath  them." 

A  subsidence  of  the  lava  in  Kilauea,  and  concomitant  collapse  of  the  crater 
walls  into  the  fiery  lake,  which  took  place  last  July,  was  observed  by  Mr.  L.  A. 
Thurston,  apparently  the  first  actual  eye-witness  of  such  an  occurrence.  His 
graphic  account^  is  in  complete  accordance  with  Professor  Dana's  view.  But  Kilauea 
is  a  volcano  of  an  unusual  type,  and  widely  difiFerent  from  Vesuvius  or  Barren 
Island,  However  large  a  share  engulphment  may  have  in  producing  great  craters 
in  volcanoes  of  the  latter  type,  that  it  is  the  sole  agent  and  that  ejection  of  the 
material  of  the  crater  wall,  in  a  more  or  less  communicated  state  (produced  mecha- 
nically, or  by  fusion),  never  plays  a  prominent  part  in  the  afEair,  is  an  opinion 
widely  at  variance  with  that  held  by  most  volcanologists. 

2.  "  On  soundings  recently  taken  off  Barren  Island  and  Narcondam  by  Com- 
mander A.  Carpenter,  R.N,,  H.M.I.M.S.,  •  Investigator,'  the  officer  in  charge  of 
the  Marine  Survey  of  India."  By  F.  R.  Mallet.  Records,  Geological  Survey  of 
India,  Vol.  XX  of  1887,  p.  46. 

The  results  of  soundings,  taken  in  May  1886,  are  given  with  some  remarks 
thereon.  The  depths  measured  within  four  miles  of  Barren  Island  range  up  to  855 
fathoms,  aud  those  within  a  league  of  Narcondam  up  to  652.  Sections  of  the 
islands  are  appended,  based  on  Captain  Carpenter's  soundings  and  Captain 
Hobday's  maps. 

3.  ''  The  volcanoes  of  Barren  Island  and  Narcondam  in  the  Bay  of  Bengal/' 
By  V.  Ball,  M.A.,  F.R.S..  F.G.S ,  Geological  Magazine,  1888,  p.  404. 

Mainly  a  notice  of  the  chief  results  of  the  survey  by  Captain  Hobday  and  myself 
in  1884,  with  some  remarks  thereon.  Refers  to  the  eruption  of  January  1804,  seen 
by  an  officer  of  H.  M.  S. '  Caroline '  {pide  preceding  paper.) 

4.  "  The  Andamans  and  Andamanese/*  By  Colonel  T.  Cadell,  V.  C,  Scottish 
Geographical  Magazine,  February  1889,  p.  56. 

Includes  a  brief  account  of  .Barren  Island,  written  partly  from  personal  observa- 
tion, partly  from  previous  descriptions. 

that  the  cone  '*  has  been  entirely  bnilt  up  daring  the  last  1800  years,"  is  not  merely  in  con- 
nection with  Barren  Island,  but  a  quotation  from  Professor] odd s'  *  Volcanoes,*  in  reference 
to  Vesuvius. 

^  American  Journal  of  Science,  Vol.  XLVIII  (i894),p.  338. 
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5.  "  On  the  present  condition  of  Barren  Island."    Bj  D.  Pxain,  M.B.,  Proceeds 

ings,  Asiatic  Society  of  Bengal,  May,  1891,  p.  84. 

Gives  some  of  the  geological  results  of  a  visit  in  April  1891— An  abstract 
of  these  is  included  in  the  preceding  table. 

6.  **  Remarks  on  the  Fauna  of  Narcondam  and  Barren  Island.  "  By  D.  Prain, 
M.  B.,  Proceedings,  Asiatic  Society  of  Bengal,  April,  189s,  p.  109. 

The  paper  is  almost  entirely  geological,  but,  at  the  end,  contains  some  remarks 
on  the  relation  between  the  geology  and  biology.  The  author  recognises  that  the 
islands  are,  and  always  have  been,  oceanic.  "  The  present  physical  conditions 
in  Narcondam  appear,  moreover,  to  be  vtiy  ancient ;  there  is  no  trace  of  a  crater  at 
the  top  of  its  peak  which  rises  2,330  feet  above  the  level  of  the  Andaman  Sea,  and 
the  whole  island  is  clad  with  a  dense  jungle  much  richer  in  species  than  the  forest 
on  ^Barren  Island  is.  But  though  the  present  biological  features  of  Barren  Island 
are  of  a  much  more  modern  aspect,  it  is  not  necessary  to  consider  that  island  as 
really  less  andent  than  Narcondam.  The  topography  of  its  outer  cone,  combined 
with  the  historical  fact  of  recent  activity  on  the  part  of  the  volcano,  points  to  the 
possibility  of  some  catastrophe  similar  to  that  which  devastated  Krakatau,  having 
once  happened  in  Barren  Island,  and  if  this  has  been  the  case  it  would  follow  that 
the  island  must  have  required,  even  if  previously  covered  with  vegetation,  to  be 
stocked  de  novo  with  vegetable  and  animal  life.  Still,  granting  that  the  present 
fauna  and  flora  of  Barren  Island  are  of  more  recent  introduction  than  Uiose  of 
Narcondam,  the  fact  remains  that  we  must  look  upon  every  species  present,  even 
in^the  island  with  the  older  biological  features,  as  an  immigrant  one. " 

The  only  catastrophic  outburst  of  which  evidence  still  remains,  and  that,  I, 
presume,  referred  to  by  Dr.  Prain  is  the  one  which  probably  effected  the  trunca- 
tion of  the  ancient  cone,  and  originated  the  crater  now  over  a  mile  in  diameter. 
From  a  biological  point  of  view,  as  well  as  from  a  geological  one,  therefore, 
the  period  at  which  this  change  took  place  is  of  some  interest.  It  is  impossible  to 
form  any  definite  estimate  of  the  time  involved,  but  there  is  reason  to  believe 
that  the  event  occurred  at  a  very  remote  epoch.  The  deep  gorges  which  score  the 
external  slopes  of  the  volcano,  pomt  to  long-continued  denudation,  which  shows 
no  apparent  signs  of  having  been  interfered  with  by  lava  flows  from  the  ancient 
cone.  But  still  more  suggestive  is  the  gorge  which  debouches  into  the  crater 
S.  S.  E.  from  the  hot  spring,  unless,  as  is  conceivable,  this  ravine,  drained  into  a 
great  east  and  west  "  barranco,''  which  may  possibly  have  existed  prior  to  the  ori- 
gination of  the  present  amphitheatre,  the  ravine  must,  apparently,  have  been 
excavated  since  the  amphitheatre  was  formed.  That  is  to  say,  since  the  event  in 
question,  some  hundreds  of  feet  of  alternating  scoriae  and  lava  beds  have  been  cut 
through  near  the  mouth  of  the  gorge,  where  it  is  deepest.  The  stream,  too,  which 
has  done  the  work,  owing  to  its  small  size,  and  the  porous  nature  of  the  rocks,  is 
under  the  disadvantage  of  flowing  only  in  the  rainy  season,  and  perhaps  not 
consUntly  even  then.^ 

The  time  indicated  above  is  so  immense,  compared  to  that  during  which  the 

*  The  water,  for  some  distance  seaward  from  the  breach,  appears  to  have  been  somewhat 
reduced  in  depth,  owing,  doabtlass,  to  the  material  swept  into  the  sea  from  the  gorge  jnst 
mentioned,  and  from  the  amphitheatre  generally,  combined  with  the  submarine  portion  of  the 
recent  lava  (cf.  sections  in  Vol.  XX,  p.  48.) 
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materials  of  the  present  cone  maj  have  been  piled  up,*  as  to  suggest  that  the 
paroxysmal  eruption,  supposed  to  have  truncated  the  ancient  cone,  was  perhaps 
followed  by  a  long  interval  of  quiescence,  before  the  building  up  of  a  newer  cone 
was  begun,  and  several  such  may  have  arisen,  and  been  destroyed,  before  the 
present  one  was  reared.  In  comparison  with  the  antiquity  of  the  older  cone,  the 
existence  of  the  present  one  may  date  from  almost  yesterday.  Or,  to  put  it 
difiFerently,  while  the  duration  of  the  one  must  be  measured  by  geological  time,  it 
is  possible  for  the  other  to  have  originated  during  an  even  historically  recent 
period.' 

Granting  that  life  was  extinguished  by  the  catastrophe  just  alluded  to,  as 
suggested  by  Dr.  Prain,  the  question  may  be  raised  whether  the  present  fauna  and 
flora  date  from  that  epoch,  or  from  a  still  later  destruction  due  to  some  overwhelm- 
ing shower  of  ejecta.  I  am  not  competent  to  express  any  opinion  as  to  the  time 
required  to  re-stock  the  island  :  but  looking  simply  to  the  probable  intensity  of 
the  eruptions  in  comparatively  recent  times,  i>.,  since  the  present  cone  was 
commenced.  I  see  no  cogent  ground  for  regarding  a  total  destruction  of  the 
island  life  as  very  probable.  There  is  no  reason  for  assuming  that  the  earlier  out- 
bursts from  the  present  cone  were  on  an  essentially  grander  scale  than  the  later 
ones;  and  I  have  shown  in  the  preceding  paper  that  a  large  fraction,  perhaps  half 
the  bulk,  of  the  cone*  has  been  added  by  the  eruptions  that  have  occurred  since 
1789.  But  Test's  sketch  shows  that  the  exterior  slopes  of  the  island  were  well* 
wooded  at  that  date,  and  that  the  arboreal  vegetation  was  not  subsequently  destroyed 
may  be  inferred  from  Capt.  Miller's  describing  the  outer  slopes  as  well-wooded  in 
1843,  and  from  the  ^ct  that  no  remains  of  lifeless  forest  have  ever  been  noticed.^ 
At  the  same  time  it  can  scarcely  be  doubted  that  considerable  damage  has  been 
done  to  the  vegetation,  perhaps  on  many  occasions.  But  such  damage  would  be 
much  more  severe  in  the  amphitheatre  than  on  the  external  declivities.^ 

7.  "  Note  on  the  occurrence  of  quartz  in  an  Indian  basic  volcanic  rock."  By  T. 
H.  Holland,  A.  R.  C.  S.,  Bulletin  of  the  Microscopical  Society  of  Calcutta,  Vol.  II, 
No.  6  (1893),  p.  3. 

The  rock  in  question  is  from  Narcondam,  and  described  by  the  author  as  a 
basaltic  andesite,  the  quartz  being  regarded  as  of  volcanic,  not  extraneous  origin. 

'  Cf«  remarks  in  preceding  paper  In  connection  with  Blain's  visit,  and  Mem.  G.  S.  I., 
Vok  XXI,  p.  265. 

*  If  we  may  rei^rd  the  relative  hulks  of  the  two  cones  as  giving  some  sort  of  rude  illas- 
tration  of  the  orders  of  magnitude  of  the  two  periods  involved,  we  find  that  while  the  newer 
cone  is  ahout  1,000  ft.  in  altitude,  the  ancient  one  was  probably  once  8,000  or  10,000  from 
the  sea  floor  (Vol.  XX,  p.  46),  requiring,  perhaps,  500  or  1,000  times  as  much  material 

*  That  is  to  say,  the  cone  above  sea-level,  and  not  including  the  mass  of  material  which 
was  doubtless  required  to  fill  up  the  ancient  crater  to  that  level. 

«  C/.  Memoirs,  G.  S,  U  Vol.  XXI,  p.  fl6a. 

■  U  the  view  expressed  in  the  above  paragraph  be  correct,  the  island  can  scarcely  have 
acquired  its  name  from  any  striking  Imrrenness  of  the  now  well -wooded  outer  slopes.  Al- 
though 1  believe  the  name  was  most  probably  given  on  account  of  the  barrenness  of  the  newer 
cone,  and  parts  of  the  amphitheatre,  it  has  occurred  to  me,  as  a  possibility,  that,  as  the  word 
Narcondam  it  of  eastern  origin,  so  '  Barren'  may  be  an  English  corruption  of  some  name 
Applied  by  the  Asiatic  sailors  of  the  region  in  question.  The  Hindustani  barnot  to  bum, 
barai^  burning,  and  bar  km  Jon,  a  volcano,  for  instance,  are  somewhat  suggestive.  Some  r«« 
lereoce  to  the  island  may  yet  be  discovered  which  will  ehicidate  the  origin  of  the  name. 
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8.  '*0n  the  Volcanoes  and  Hot  Springs  .of  India,  and  the  Folklore  connected 
therewith."  By  V.  Ball,  C.B.,  LL.D.,  F.R.S.  Proceedings  of  the  Royal  Irish 
Academy,  1893,  p.  151. 

Refers,  inter  alia,  to  Barren  Island  and  Narcondam. 

9.  "  The  Volcanoes  of  Barren  Island  and  Narcondam  in  the  Bay  of  Bengal." 
By  V.  Ball,  C.B.,  LL.D.,  F.R.S.,  Geological  Magazine,  1893,  p.  289. 

Descriptive  of  a  model  of  Barren  Island,  constructed  under  the  author's  superin- 
tendence, and  based  chiefly  on  the  data  supplied  by  Capt.  Hobday's  map.  A  bird's 
eye  photographic  view  of  the  model  is  given,  in  which  the  sea  surrounding  the  island 
is  also  represented.  The  paper  concludes  with  some  notes  on  the  fauna  of  the  islands. 

10.  "  On  the  flora  of  Narcondam  and  Barren  Island."  By  D.  Prain,  M.b! 
Journal  of  the  Asiatic  Society  of  Bengal,  V  ol.  LXII  (1893),  Part  II,  p.  39. 

A  memoir  divided  into  three  sections.  The  first,  or  'Introductory  sketch,' 
commences  with  some  remarks  on  the  hydrography  of  the  Bay  of  Bengal  (in  its 
wider  sense),  for  the  portion  of  which,  enclosed  by  the  Andaman  and  Nicobar  Is- 
lands,  Alcock's  name  of  '  Andaman  Sea '  is  adopted.  Carpenter's  soundings  round 
the  two  volcanoes^  are  reproduced,  with  some  additions :  the  configuration  of  each 
island  is  described,  and  a  summary  account  of  its  vegetation  given,^  the  soundings 
round  flat  rock^  are  added,  which  the  author  very  plausibly  suggests  is  probably  of 
Volcanic  origin.  The  bathymetry  of  the  Andaman  Sea  is  reviewed,  and  the  ques- 
tion of  the  northern  prolongation  of  the  line  of  volcanoes  through  the  Sunda  Islands, 
Java,  Sumatra,  Barren  Island,  arid  Narcondam  is  discussed.  This  the  author, 
following  Dr.  W.  T.  Blanford,  considers,  is  to  be  found  in  the  extinct  volcano  of 
Puppa,  i|i  Upper  Burma,  and  that  near  Momein,  in  Yunnan,  which,  as  he  remarks, 
lie  in  common  with  the  volcanoes  of  the  Andaman  Sea,  to  the  eastward  of,  and 
rudely  parallel  to,  the  line  of  elevation  represented  by  the  Andaman  Islands  and  the 
Arrakan  Yoma.  Evidence  is  likewise  adduced  to  show  that  Flat  Rock,  Barren 
Island,  and  Narcondam  are  not  isolated  peaks  rising  from  the  sea-floor,  but  are 
situated  along  a  submarine  ridge. 

The  second  portion  of  the  Memoir  is.  an  annotated  list  of  the  plants  found  on 
the  islands,  and  the  third  discusses  the  "Nature  and  origin  of  the  Flora,"  174 
species  were  discoveredi  of  which  138  occur  on  Narcondam  and  88  on  Barren 
Island,  only  52  being  common  to  both  volcanoes.  In  conclusion  the  probable 
mode  of  introduction— by  the  sea,  by  winds,  by  birds,  or  by  man— is  taken  into 
consideration.  Appended  are  two  bathy metric  charts  of  the  area  surrounding  the 
Andaman  Islands. 

An  abstract  of  the  Memoir  was  given  in  the  Geographical  Journal  for  March 
1894,  p  234. 

»  Records,  G  S.  I..  Vol   XX,  p.  46, 

■  With  reference  to  the  foot-notes  in  Dr.  Prain' s  Memoir,  at  pages  45,  49,  $6,  and  77,  in 
connection  with  the  occurrence  of  cocoanut  trees  on  the  iitlands,  I  may  say  that  Mr.  Wight, 
2nd  Officer  of  the  I.  M.  S.  '  Celerity,*  and  I,  landed  at  Coco  Ray  in  Narcondam,  and  saw  the 
trees  in  question  there.  We  found  a  large  log  of  teak,  with  hewn  ends,  on  the  beach,  which 
may  be  presumed  to  have  drifted  from  the  mouth  of  some  Burman  river ;  a  suggestive  fact 
with  reference  to  the  origin  of  the  cocoanuts  from  which  the  trees  have  sprung,  and  of  other 
species  of  plants  also.  We,  and  several  other  members  of  the  expedition,  also  landed  at 
Anchorage  Bay,  in  Barren  Island,  the  surf  at  the  time  being  comparatively  slight. 

>  The  rock  east  of  Duncan's  passage,  alluded  to  more  than  once  in  the  preceding  paper. 
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THE  GEOLOGICAL  SURVEY  OF  INDIA. 


Part  2.]  1895.  May 

On  the  importance  0/  the  Cv^taiCtons  Rpcks  (?/*  Southern  India  in  estimat'- 
.  ing  the  geographical  conditions  during  later  cretaceous  times^ ;  by 
Franz  KossM AT. 

Our  knowledge  of  the  extra-European  cretaceous  rocks,  more  especially  those 
of  the  Indo-Pacific  area,  has,  in  the  course  of  the  last  few  years,  made  enormous 
strides,  and  we  shall  soon  be  in  a  position  to  form  a  clear  conception  of  the 
zoological  and  geographical  conditions  of  that  period.  The  cretaceous  rocks  of 
Southern  India,  which  formerly,  in  spite  of  their  great  wealth  of  fossils^  were 
accorded  little  more  than  the  importance  of  a  mere  local  development,  are  now 
comm^  more  and  moire  to  the  front,  since' the  elements  of  their  fauna  have  been 
discovered  in  a  great  series  of  cretaceous  beds,  while  Neumayr  *  in  his  "  Erdge- 
scbichte  "  selects  them  as  the  type  of  the  Pacific  cretaceous  area. 

Nevertheless,  since  the  completion  of  Stbliczka's  '  great  monograph  on  the  cre- 
taceous Fauna  of  Southern  India,  neither  our  palseontological  nor  yet  our  stratigra- 
phical  knowledge  of  this  important  area  has  been  appreciably  extended,  although 
of  late  years,  the  urgent  necessity  of  revision — more  especially  as  regards  the  cepha- 
lopods — has  repeatedly  asserted  itself.  Opportunity  for  such  research  is  now  offered 
by  the  new  collection  made  in  the  Trichinopoly  district  during  the  winter  of  1892-93, 
and  part  of  the  summer  of  1893,  by  Dr.  H.  Warth,  of  the  Geological  Survey  of  India, 
and  sent  by  him  to  Prof.  Waagen,  at  Vienna,  who  has  entrusted  this  interesting 
and  important  task  to  me.  Our  material  for  this  research  is  now  practically  com- 
plete, owing  to  the  addition  to  it  of  a  large  number  of  Stoliczka's  original  specimens, 
which  have  been  sent  to  us  for  re-examination  by  Dr.  King,  the  late  Director  of 
the  Geological  Survey  of  India. 

The  results,  as  regards  palaeontology,  will  shortly  be  published  in  the  "  Beitrage 
zur  Palaeontologie  und  Geologic"  (edited  by  Professor  W.  Waagen),  to  which  I 
hope  to  add  a  detailed  account  of  those  relating  to  the  stratigraphical  and  zoolo- 
gical conditions.  I  will,  therefore,  at  present  restrict  myself  to  a  few  general 
conclusions. 

Owmg  to  their  peculiarly  favourable  position  between  the  chalk  of  the  Altantic 
aind  that  of  the  Pacific  area,  the  cretaceous  rocks  of  Southern  India  are  •eminently 
adapted  to  serve  as  a  starting-point  for  observations  on  the  zoo-geographica    condi- 

1   Translation  of  paper  puUished  in  the  Jahrb  k.k.  Geol.  Reichsanit  1894,  Vol.  44,  pt.  3. 

*  M.  Neumajr:  Erdgeschichte,  Vol.  II,  p.  39a 

*  F.  Stoliczkas    Cretaceoos  Fauna  of  Southern  India    (Palaeontologie  Indie      ,4  VoU. 
Calcotta,  1865-1873. 
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dons  of  later  cretaceous  timea.  Their  fauna  combines  in  itself  the  dements  both 
of  the  eastern  and  of  the  western  bebii9here,and^us  serves  as  a  connecting  link 
between  the  two. 

On  the  subject  of  the  rich  endemic  fauna  of  the  Indian  cretaceous  rocks,  and  the 
interesting  survivors  from  older  beds,  which  play  such  an  important  part  in  them, 
it  would  not  be  advisable  to  speak  here. 

The  cretaceous  rocks  of  Southern  India  fall  into  two  main  divisions :  9fs.,  the 
laxger  Trichinopoly  district,  and  the  smaller  and  more  northerly  Pondicheny 
area^both  south  of  Madras,  and  part  of  the  so-called  Coromandel  coast,  on  the 
eastern  side  of  the  Indian  peninsula. 

During  the  geologkal  survey  of  the  Tricfamopoly  district,^  it  was  found  tfiat  a 
large  number  of  the  fossils  collected  bore  a  striking  resemblance  to  forms  occur- 
ring in  Central  Europe,  and  Stoliczka,  in  his  work  on  the  fauna,  was  thereby  induced 
to  ufiite  no  small  proportion  of  the  species  —  among  the  cephalopods  no  less  than 
25  per  cent. —  directly  with  European  forms.  Although  on  xt^xamination  sevenU 
of  these  identifications  have  proved  erroneous,  the  affinities  to  the  European  fauna  are 
still  remarkable,  more  especially  if  we  have  regard  not  only  to  identical,  but  also 
to  closely  allied,  forms.  Extremely  important  also,  and  of  great  service  in  estimat- 
ing the  age  of  the  beds  of  this  system,  is  the  fact  that  the  succession  of  individual 
forms  is  to  a  great  extent  identical  with  that  seen  in  Europe— a  fact  not  fully 
appreciated  by  earlier  observers." 

At  the  base  of  the  Utatur  groups  just  at  in  Enrq>e  at  the  base  of  the  cenomar 
nian,  occur  Schlanbachia  infiaia  Sow.  aad  several  allied  species^  Samites  armaim 
Sow,  Turrilites  bergiri  Brongn«,  etc.  In  higher  beds  we  meet  with  sin  extra- 
ordinarily rich  Acanthoceras  fauna,  of  the  type  of  Ac.  rhoiomagem*  Brong., 
while  a  large  number  of  other  well-marked  forms,  s«di  as  Turrilita  coUaius 
Brong.,  and  Aleciryonia  carinata  Lam.  identify  this  horizon  as  the  equivalent  of  tte 
middle  and  upper  cenomanian.  The  uppermost  beda  of  the  Utaitir  gr^up  I 
consider  to  be  of  lower  turonian  age,  the  typieal  AcatUhoctrat  element  having 
disappeared,  and  being  replaced  by  Ammonites  related  to  the  European  Mammiin 
nodoioidcs  {A  mm.  concilia f us  Stol.)  and  to  the  well-marked  Inoceramta  laiuUm 
Schloth.  of  the  turonian. 

The  Trichinopoly  group  abounds  in  excellent  specimens  of  Gastropoda  ftnd 
Bivalves,  which  are,  however,  of  little  assistance  in  the  determination  of  the 
horizons.  Ammonites  of  central-Eurc^ean  character  are  somewhat  scarce,  some 
very  well-marked  forms,  however,  being  present.  In  the  lower  Trichinopoly  group^ 
Am.  serra/O'can'na/us  Stol  (allied  to  Am*  bravaisianns  Orb.)  represents  the  turonian 
form  Prionocyclus,  while  with  it  are  associated  typical  forms  of  the  important  group 
of  Pachydiscus  peramplus  Mant.  The  higher  beds  of  the  Trichinopoly  group  are 
marked  as  lower  senonian  by  their  gastropods  and  bivalves,  but  more  especially  by 
a  Schtcenhachia  of  the  tricarinata  type  and  a  Plactnticeras  extending  from  thQ 
group  of  P.  placenta  Mort, 

In  the  Ariyalur  group,  the  most  important  cephalopods  are  the  upper  senonian 

^  H.  F.  Blanfordt  On  the  cretacroui  and  other  Roeka  bf  the  South  Aroet  and  Trkhiao- 
poly  DistricU ;  Madras  (Mem.  Geol.  Sanr.  India.    Vol.  IV,  pt.  I.)  Calcutta  1865. 

'  F.  StoH<^ka  tiiertfy  remarks  that  the  Utatur  group  (the  oldest  of  the  three  lower 
divisions)  may  be  broad!/  compared  to  the  oenomiiniad.  the  Trichinopoly  group  to  the 
turonian  and  the  Ariyalur  to  the  sehoniail.    (loe.  eit.  vol,  IV,  p.  II.) 
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Paehydiscut  and  JBastth'fa.  |n  the  bigjieist  dJvUion  ^  Nia&ynr,  which  Qught  prf- 
feiahly  to  be  separated  frpm  the  riest  pf  the  grpap,!  the  ammonites  have  disappeared 
while  Nautilus  4anicus  Schloth*»  and  numerous  gastropods  and  bivalves  Of  mpre  recent 
tjpe,  mark  these  beds  as  the  boundary  between  the  cretaceous  andtejrtiary  rpcks. 

To  the  Ariyalur  group  al^o  I  refer  the  great  fauna  of  Pondicberry,  which  wa3 
consid^edby  R  Forbes*  to  be  pf  ipwo"  cretaceous  age.  Stolic^ka,  following 
Blanford,'  endeavoured  to  distinguish,  by  their  fauna,  two  horizons,  the  older  ^ 
which,  the  Valudayur  jgronp^  he  charactprised  as  penomanian  (Vtatur  group), 
while  the  other  he  considered  tp  be  pf  the  same  a^e  as  the  Axiyalur  group.  In 
the  course  of  time,  however,  it  became  evident  that  many  of  the  fossils  of  the 
Valndayur  group  occurred  in  the  Ariyalur  beds  of  the  Trichinopoly  district,  and 
Stoliczka  was  consequently  much  puzzled  as  to  the  true  age  of  the  Valudayur  group, 
nor  did  he  ever  arrive  at  a  solution  of  the  difficulty. 

During  the  past  summer,  I  had  (he  opportunity  of  studying  Forbes'  original  speci- 
mens of  the  Pondicherry  fauna,  and  came  to  the  conclusion  that  all  his  specimens  of 
ammonites  from  that  district  were  derived  from  the  hard  brownish  or  bluish  ''Lnma- 
chelle  "  (fire-marble)  and  plainly  from  one  single  horizon.  This  may  be  proved 
bf  the  similarity  in  the  association  of  the  forms  and  the  mutual  resemblance  of  the 
specimens.  This  horizon  is  Blaxvford's  Valudaynr^group.  In  the  abundant  ammo- 
nite fauna  of  this  series,  we  find  not  a  single  representative  of  the  typical  cenomanian 
fauna,  so  familiar  in  the  Utatur  group ;  we  find  no  Schlmnbachia^  no  Acan^Aoceras,  no 
TurriWfs  while  on  the  other  hand  we  have  the  typical  senonian  Pachydiscui^  a  true 
Sphenodiscus  {A»  fiva  Foxb.)  vtrj  olosely  allied  to  the  senonian  S.  Unticuhris^  as 
well  as  innumerable  BacuWes  vagina  and  other  ammonites.  That  the  Valudayur 
group  is  in  reality  a  development  of  the  Ariyalur  group,  differing  from  it  some- 
what in  litholpgical  characters,  may  be  proved  by  the  following  facts  :  (i)  many  of 
its  most  important  fossils,  such  as  Pachydiscus  eger/onianus.  Am.  (ng)  brahma, 
£aculiies  vagina,  tic,  occvLt  also  in  the  Ariyalur  group,  whereas  (a)  the  small 
number  of  species,  which  it  contains  in  common  with  the  Utatur  group,  has,  on 
re-examination,  been  reduced  to  a  few  doubtfvl  oases ;  and  lastly,  the  gastropods 
and  bivalves  associated  with  the  ammonites  have  considerable  affinities  to  ^ose 
of  the  Ariyalur.  but  none  to  those  of  the  Utatur  group."^  Even  in  the  Trichinopoly 
district  the  Ariyalur  group  overlaps  the  older  cretaceous  beds,  which,  further 
north,  disappear  beneath  it,  both  in  the  S.  Arcot  district  and  also,  as  has  now  been 
proved^  in  the  Pondicherry  area.  During  the  winter  of  1893-1894,  Dr.  H.  Warth 
undertook  a  revision  of  the  survey  of  ^e  Pondicherry  district,  and  the  fpssils 
collected  by  him  are  now  in  course  of  transmission  to  Vienna,  and  will,  it  is  hoped, 
throw  much  light  on  the  question  of  the  age  of  these  rocks. 

Lithologically,  the  upper  beds  exposed  in  Pondicherry  (white  sands  and 
conglomerates)  which  were  included  by  Blanford  and  StoRczka  in  the  Ariyalur 
group,  differ  from  the  Valudayur  beds ;  nor  could  I  find  a  single  ammonite  in 

^  This  siig|;estk)n  la  also  made  by  H.  LeveHI^  !n  Ms  small  work  :  Geologie  db  V  Jnde 
Francaise  (Ball.  Soc.  G^ot.  Prance,  1890.  t.  XVIII)  p.  144  if. 

*  E.  Forbes  t  Cretaeeoos  fossils  of  Sontbertk  ladia  (Traosactioa  of  the  Geol.  Soc  of 
London,  II  Ser.,  Vol.  VII»  London  1845-1856,  Att.  V.  p.  165). 

*  H.  F.  Blaoford.    1.  c,  p.  151  ff. 

*  A.  d'Orbigny  considers  the  Pondicherry  bed^  to  be  of  senonian  age.  (Prodr6me  de 
Paleontologie  II.»  Paris,  1850,  pp.  ai:i,  015.  ai^  etc.) 
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Forbes'  collection,  while,  on  the  other  hand,  Blanford  discovered  a  Nautilus 
danicus,  of  the  species  occarring  in  the  Ninnyur  beds  of  the  Trichinopoly  district. 

The  question  as  to  the  connection  between  the  cretaceons  sea  of  southern 
India  and  that  of  Europe  has  already  been  repeatedly  discussed.  The  careful  ex- 
amination of  the  Narbada  cretaceous  fauna,  in  which,  after  a  cursory  determination, 
Bose  ^  believed  that  he  had  discovered  Trichinopoly  species,  has  proved  its  entire 
dissimilarity  to  that  of  the  Trichinopoly-Pondicherry  districts,  while  its  echinoder- 
mata'  have  been  shown  to  bear  a  striking  resemblance  to  those  of  the  tretaceous 
beds  of  Syria,  North  Africa,  and  Southern  France,  the  typical  members  of  the 
Mediterranean  province.  The  theory  of  the  former  existence  of  land  between  the 
South  of  India  and  the  North  of  Africa  has  thus  gained  additional  evidence  in  its 
support.  The  upper  cretaceous  rocks  of  the  northern  and  western  moantain 
ranges  of  India  have  no  connexion  whatsoever  with  the  Trichinopoly-Pondicherry 
series,  while  the  Hippurite-limestone  of  Persia,  Afghanistan  and  Baluchistan,  >  and 
the  Glauconia-beds  of  Namcho  Lake  *  in  Tibet  belong  to  the  Mediterranean  province. 
We  must  therefore  seek  elsewhere  for  a  connection  between  the  cretaceous  seas  of 
Central  Europe  and  of  Southern  India. 

The  only  remaining  means  of  communication  is  therefore  southwards  through 
Africa,^  and  here  we  find  the  famous  cretaceous  beds  of  Natal,  of  which  detailed 
accounts  have  been  published,  first  by  Bally  *  and  subsequently  by  Griesbach 7 
The  latter  believed  that  he  recognised  in  Natal  all  the  three  lower  divisions  of  the 
cretaceous  rocks  of  southern  India,  and  he  distinguished  in  the  rocks  of  that 
country  five  separate  horizons,  lying  unconforn>ably  on  the  Karoo  beds :  — » 

(/.)  Limestone  with  Amm,gardeni  Baily  S'j^.^Ariyalur  ^roup.     (Senonian.) 
(e.)  Soft  sandstone    with   naraerous   bivalves  and     gastropods.^ 
(Fasciolaria  rigida  Baily,  Ckemnitaia  undosa  Forbes,  Protocatdium  {  —TrichSnopoIy  group 
kmanumSovr,,0tc.)  )     (Turoniao.) 

{d*)  Sandstone  with  Amm,  umholaai  Baily,  J0ff/0ni  Baily,  stan''\ 
'geri  Baily,  rtmhda  Forbes,  kayei  Forb.,  AnUoetras  rugatum  Forhf  _ 

(e.)  Soft  brown  sandstone  (reiembling  #)  with    Trigania  «*r^>  ^nianian^ 
stongi  Griesbach.  V 

(6.)  Calcareous  sandstone  with  Tiredo,  J 

(Base  of  the  exposure.) 

During  the  past  year,  I  examined  Baily's  original  specimens  in  the  collection  of 
the  Geological  Society  in  London,  and  had  also,  through  the  courtesy  of  Mr. 

*  P.  N.  Bose,  Mem,  Geo!.  Snrv.,  India,  XXI,  p.  43. 

■  P.  M.  Duncan.     On   the  Ecbinoidea  of  the   cretaceous  strata  of  the  Lower  Narbada 
.  Region.    (Quart  Journ.  Geol.  Soc.,  London,  1887,  XLlll,  p.  154.) 

*  Set  Mem.  Geol.  Sorv.  of  India,  Vol.  XVIII,  p.  34>  Vol.  XX,  p.  140,  i43  (Afghanistan), 
Vol.  v..  p.  1 16  (N.-W.  Himalaya),  etc. 

*  O.  Feistmantel :  On  the  occurrence  of  the  cretaceous  genus  Omphaiia,  near  Namcho 
Lake,  Tibet  (Records  GeoL  Surv.,  India,  1877,  X,  p.  ai.  ff). 

*  In  Madagascar  also,  Newton  discovered,  upper  cretaceous  speciesy  among  which  were 
Ostreoe  (O.  vesicularis,  O.  pectinsta,  O.  angulata),  all  equally  characteristic  of  the  European 
aenonian  and  of  the  Ariyalur  group,    (Quart.  Jovr.  Geol*  Soc,  LondoUp  1889,  XLV,  p.  333*) 

*  W.  H.  Baily :  Description  of  some  cretaceous  fossils  from  Southern  Africa  (Quart. 
Jcur.  Geol.  Soc,  London,  1855,  XI,  p.  454  ff.) 

'  C.  L.  Griesbach  :  Geology  of  Natal.  (Quart.  Jour.  Geol.  Soc,  London.  1871,  XXVII, 
p.  60  ff. 
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G.  C,  Crick,  the  opportunity  of  seeing,  at  the   Natural  History  Museum,  a  new 
collection  of  Natal  fossils,  far  surpassing  all   collections  hitherto  made.    From 
these   it  y/as  evident  that  certain   modifications  of  the  views  hitherto  held  were 
liecessary.     It  was  clear  to  me  from  Baily's  specimens,  that  SchioBnhachia  stangeri 
and  toutoni  do  not  belong  to  the  lower  cenomanian  group  of   Schlcenbachia  inkaia 
Sow.,  as  was   originally  supposed,  hut  to  the   newer,  lower  senonian  series  of 
Schlcenhachia    tricarinata  Orb.      In   young  forms   Schlanhaehia  sfangeri    Baily 
has  three  keels  and  only  two  sets  of  tubercles,  one  umbilical,  the  other  external. 
Those  of  ttie  latter  series  show  on  the  ridge  a  faint  linear  extension  (as  in   Schh 
iricarinata  type)  which  becomes  more  marked  as  the  shell  increases  in  age,  and 
finally  develops  into  a  tubercle.  Simultaneously,  the  earlier  external  series  of  tubercles 
extend  down  the  side,  while  between  them  and  the  umbilical  series  yet  another 
(a  fourth)  series  appears.    Finally,  the  two  outer  keels  break  up  into  a  series  of 
elongated  tubercle,  and  even  the  median  keel  becomes  somewhat  varicose ;  the 
species  then  bears  a  strong  resemblance  to   Schlanhachia  iexana  Rom.  from 
the  lower  senonian   of   North  Anaerica  and  Central  Europe,  while  •S'f^/t^n^af^f'a 
soutoni  is  a  further  development  of  the  same  type.    Both  these  forms  indicate 
a  later  age  than  that  hitherto  assumed  for  the  beds  in  which  they  occur.    That 
this  view  is  correct  appears  to  me  to  be  distinctly  evident  from  the  fact  that  in  the 
new  collection  of  Natal  fossils,  a  beautiful  and  well  preserved  cast  of  a  large  frag- 
ment of  SchlcBnh,  stangeri  is  associated  in  the  same  hand-specimen  with  Puzosia 
gardeni  Baily :  both  of  these  species  must  therefore  come  from  the  same  horizon. 
The  forms  Puzosia  rtmbda  Forbes,  Lytoxeras  kaye:FoTh»,Anisoceras  ruga f urn  Forb* 
are  derived  from  the  Valudayur  group  (senonian)  of  the  Pondicherry  district,  while 
Amm.  umholazi  Baily  belongs  to  the  somewhat  involute  Schlcenbachia  {Priono- 
tyclus)  group  of  the  lower  senonian.    (Next  to  these  we  have  Anu  paon  Redtdn- 
bacher  and  Am.  haherfellmri  Hauer.)^ 

BacuWes  sulcatus  Baily,  which  evidently  did  not  come  under  Griesbach's  ob- 
servation, is  also  a  senonian  form  allied  to  Baculites  feres  Forb.  XBaculiies  teres 
Stol.  from  the  Utatur  group  is  entirely  different.) 

I  attribute  very  great  importance  to  the  fact  that,  among  the  new  material  already 
mentioned  is  a  very  large  specimen  of  Amm,  (n,  g,)  tndra,  a  characteristic  and 
common  form  in  the  Valudayur  group.  I  may  also  state  here  that  the  same 
species  occurs  in  Vancouver,  where  it  is  associated  with  Pachydiscus  oiacodensis 
&0I.  (an  Ariyalur  form),  A  complete  account  of  the  interesting  facts  connected 
with  the  investigation  of  the  cretaceous  fauna  of  South  Africa  will  shortly  be  pub- 
lished by  Mr.  G.  C.  Crick. 

The  above  observations  are  sufficient  to  justify  the  assertion  that  among  the  ce- 
phalopod  fauna  of  l*Tatal,  So  far  as  it  is  at  present  known,  not  a  single  species 
occurs  indicative  of  a  horizon  earlier  than  lower  senonian. 

The  horizon  {e)  has  already  been  correctly  identified  by  Griesbach  as  the 
pala&ontological  equivalent  of  the  Trichinopoli  group.  Almost  all  species  common 
to  both  countries  occur  in  India  in  the  Upper  Trichinopoli  group.  Since,  theretore, 
of  the  known  cephalopods  of  Natal,  a  large  proportion  belong  to  Ariyalur  (Valu- 
dayur) species  (Pwswitf  garden^  rembda,  Lytoc.  kayei  Forb.,  Anisoceras  rugaium 

^  A.  Redtenbaeher:  Die  CephalopodeofauDa  der  Gosauschichten  in  den  norddstHchen 
Alpen,    (Abhandl.  der  k.  k.  Geol.  ReichsAnst.     W ten  1873.      Bd.  V.,  p.  131, 133^     . 
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Foib.y  Am.  indra  Forb.)*  if  the  sanie  connection  also  holds  good  in  the  Upper 
Trichinopoli  group — as  for  example,  that  of  Sehlanbaehia  stangiri  and  ioutoni 
with  Schl.  tricarinaia  Stol.  (non  Orb.)  of  the  uppirmosi  Trichinopoli  beds— then 
it  appears  that  these  latter  forms  extend  beyond  zone  {e)  and  must  be  sought  for 
in  (f)  with  PuMOsta  gardeni. 

There  being  no  fossils  on  which  to  base  im  opinion^  none  can  be  offered  as  to 
Griesbach's  horizons  b  and  e.^ 

As  in  India,  so  also  in  Natal,  which  is  so  Closely  connected  iHth  that  country, 
the  cretaceous  rocks  bear  a  striking  resemblance  to  those  of  the  Atlantic  area^  both 
in  their  SeklomBackid,  which  are  allied  to  &hl€tnbt  tricarinaia  and  iexanot  in  their 
PiiMosid  gardeni  (connected  with  P.  pseudo^gardeni  SchlQter),  and  also  in  several 
bivalves  iProlocardium  hillanum  Sow.,  Janira  ^uinquecostata  Sow.)  etc.  It  is, 
however,  a  remarkable  fact  that  just  as  in  the  Trichinopoli  and  Ariralur  groups, 
so  also  in  the  failna  of  Natal,  the  number  of  central  European  (or  rattier  Atbmtic) 
species  is  relatively  much  smaller  tiian  in  the  Utalur  group. 

A  connecting  link  between  the  cenomanian  of  India  and  that  of  Europe  is 
found  in  the  welKknown  cretaceous  rocks  on  the  west  coast  bf  Africa,  m^  Angola  > 
and  the  Elobi  IslUnds.^ 

The  small  Schicenbachia  fauna  of  the  latter  comprised,  in  addition  to  ScAl.  in- 
fiata  (type),  another  specially  Indian  variety  of  this  series,  and  in  the  same  horizon 
in  Angola  occurs  a  SioUctkaia  dispar  d'Ori[>.,  which  correspbnds  exactly  with  an 
Indian  form  distinfi:uished  by  Neumayr^as  Slol.clavigera.  At  this  stage  the  bivalve 
and  gastropod,  fetuna  of  the  upper  cretaceous  beds  of  Angola  begin  to  show  signs 
of  the  influence  of  the  Mediterranean  province. 

Here,  however*  the  connection  ceases  between  the  cretaceous  rocks  of  Southern 
India  and  those  of  Europe.  Further  nortii,  in  Morocco  and  Algiers,  we  find  our- 
selves in  the  Mediterranean  cretaceous  area,  the  eastern  extension  bf  which  we 
found  in  Narbada,  Baluchistan,  etc.  In  the  western  portion  of  this  area  may  be 
seen  unmistakeable  signs  of  the  connection  between  the  cretaceous  faunas  of  India 
and  of  Central  Europe  (e.g.,  the  fauna  of  the  cretaceous  rocks  of  the  south  of 
France,  of  Algeria,  and  also  the  Gosau  beds) ;  these*  however,  become  less  numer- 
ous as  we  approach  the  centre  of  the  Mediterranean  area.  Blanckenhorn^  figures 
an  Acanihoceras  hiirpax  Stol.  from  Syria ;  I  have  examined  the  original  specimen, 
which  is  in  the  possession  of  the  Geological  Institute  of  the  University  of  Vienna, 
and  find  that,  although  closely  allied  to  the  Utatur  form,  it  is  not  identical.    His 

^  The  adoption  of  a  separate  lower  cephalopod  tone  (cQ  by  Griesbachp  is  probably  due  to 
the  fact  that  the  section  examined  was  the  face  of  a  cliff  undermined  by  water  (Izinhlazabalnn- 
gu  eaves)  and  consequently  masses  from  the  higher  beds  had  rolled  down,  and  might  be  mia* 
taken  for  independent  outcrops.  Baily,  however,  distinctly  states  that  his  Am.  Soutomi  was 
derived  from  a  hard  bed  "  high  up  the  cliff."    /.  c,  p.  455. 

*  P.  Choffat  and  P.  de  Loriol :  Mat^rianz  poor  I'^tude  Str^tigraphiqne  eC  pal^ntologique 
de  la  province  d*Anfrola.  M^m.  Soc.  de  physique  et  d'hisCoire  naturelle  de  Gen^e,  Vol.  XXX, 
I  Partie,  No.  a  1888. 

*L.  Stainocha:  Zur  Kenntniss  der  nilttttcretacischen  Cephalopodenfauna  dcr  Inseln 
Elobi.  (Dankschriften  d.  Akad.  d.  Wist.  Wien.,  1885.) 

«  M.  Neomayr :  Uebeir  Ammoniten  der  Kreide,  etc.  (2eitsditift  d.  dtfntsch.  Geol.  Gm. 
Berlin,  1875,  p.  933. 

*  M.  Blanckonhorn:  BeitrAge  s«r  Geologie  Syrians,  Cassel,  1890,  pi.  X,  fig.  3.,  pi.  Xl. 
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^hlcenbachia  ti.  Vlanfordianh  (AHjalur  type)  ^  is  too  badly  preserved  to  justify 
tmy  expression  6t  opinion.  The  tact  that  the  species  with  which  we  are  concerned 
disappear  in  the  eastern  portion  of  the  Mediterranean  area  proves  that  they  found 
their  way  from  the  Atlantic^  and  to  a  certain  extent,  from  Central  Europe,  into  an 
Otherwise  isolated  basin. 

The  cretaceous  area  olf  Southern  India  was  connected  with  that  of  Central 
Surope  west  of  the  Mediterranean  area. 

The  eastern  boundary  of  the  present  Atlantic  Ocean  was  already  open  in  later 
tittaceous  times,  and  a  free  interchange  of  fauna  between  Europe  and  the  south  of 
India  was  possit)le  by  ws^  of  Natal  and  the  west  coast  of  Africa, 

Nor  are  there  wanting  links  in  the  fauna  to  connect  the  eastern  with  the  western 
side  gf  the  Atlantic  Ocean,  as  also  with  Central  Europe  on  the  one  side  and 
Southern  India  on  the  other.  Fbr  this  purpose,  great  importance  attaches  to  the 
cretaceous  rocks  ot  the  ftvazillan  coast,  with  which,  owing  to  the  efforts  of  Charles 
A.  White  we  have  for  some  years  heen  familiar^' 

White  describes  the  fauna  of  two  sepaiate  cretaceous  areas  in  Brazil ;  that 
of  Sergipe,  and  the  more  northerly  area  of  F'emambuco*  He  comes  to  no  definite 
coiKlusioa  as  to  the  age  of  these  beds,  merely  assigning  them  generally  to  upper 
cretaceous  times,  and  stating  that  they  9^t  more  or  less  contemporary.  Unfortun* 
ately,  there  is  at  present  no  detailed  account  of  the  stratigraphical  conditions, 
Bnumefs  observations  >  merely  indicating  several  salient  features.  The  area  of 
Lastro»  near  Maroim,  is  very  rich  in  important  fossils,  more  especially  cephalopoda. . 
The  ammonites  belong  mainly  to  the  genus  Schlcenhachia;  in  fact,  they  all  appear 
te  be  varieties  of  SchL  inflataf  while  many  show  affinities  to  forms  found  at  Angola 
and  figured  by  ^.  ChofiEat.  From  the  same  locality*  White  also  describes  a 
Pwioiiot  of  which  heideBti6e8onea8i<.//a»tf/a/f^.  From  his  figure,  it  appears 
not  imprdbable  that  it  may  in  reality  be  identical  with  Sowerby's  cenomanian 
species.  In  the  overlying  beds,  vis.,  the  sandstones  of  Aroeira  and  the  lime- 
stones of  Garajau  a  Putosia  was  found,  which  was  identified  by  White  as  Puzosia 
kopkimi  Forb.,  and  which  is  almost  ihdiistinguishable  from  Puzosia  welwitschi 
Choffat,  from  the  Schloenbachia  horizon  of  Angola.  The  occurrence  of  Aucella 
^azUiensis  White  in  die  cenomanian  limestones  Of  Garajau  \k  also  very  interesting, 
and  forcibly  recalls  the  app^suice  in  .Ihdia  of  an  Aucella^  ttz.,  Aucella  parva 
^ol.  in  ihe  be<^s  of!  the  same  age.  From  another  locality,  connected  with  Lastro 
by  znlSiMntAdikckiHoMssus  ff^etiasi VfYiilte)^  a  very  interestfng  ammonite  had 
drekdy  been  described  by  Hyaft  under  tte  naitte  of  Buckteeras  Narfhi,  and 
was  subsequently  figured  by  White.  This  figure  leaves  no  doubt  that  we  are  deal- 
ing with  an  OlcoiUpkanuh  in  fact  one  of  the  peculiarly  Indian  type  of  dm.  rudra 
Stolv  (Neumayr's  Stolipakaia),  while  the  form  Am.  pedroanui  White,  which  is 
associated  with  it  in  Brazil,  bears  a  striking  resemblance  to  Acanikocerat  footer 
oiM/iR  Stol.  6f  the  Utittur  group.  From  a  Calcareous  dandstone  assigned  by  Branner 
td  die  Lastro  horizon,  but  by  White  to  the  succeeding  zone — ^which  correspond^ 
better  with  the  palaeontological  relations -•an  Am.  Mlea/us2^A  ah  Am.  offarcinatus 

*  M.  Blanckebhbrh :  /.  c.  pi.  xii,  Fig.  i,  p.  I34. 

*  Oil.  A.  White:  Cootribattons  to  the  Palaeontology  of  Brasil.  (Arcbiv.  doMnsen  Necton, 
Janeiro.  ToLvU,  1888^) 

*  M.  Branner :  The  Cretaceooa  and  Tertiary  Geology  of  the  Serfftpe- AUgoa'i  bd|sia  of. 
BruiL  (Transact,  of  the  Americ.  Philos.  Soc.  Philadolphaa,  1889,  vol.  zvC  p'  4»9  ^f-) 
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the  i^latean  ctf  Assam,^  beds  which  kre  closely  allied  by  dieijr  {aana  to  those  of  the 
Trichinopoli  district,  the  fossib  indicating:,  according  to  Stolictka,  the  i^eaence  of 
strata  representing  both  the  Utator  and  the  Atiyalnr  gtoups. 

The  characteristic  fossil  of  the  cenomtoian  beds  of  Europe,  West  Africa,  and 
Southern  India,  viz.,  Schldinhaehia  inftaia  Sow.,  was  fonnd  in  the  flysch-like  sand- 
atones  of  the  Sandoway  district  of  the  penihsnla  of  Further  India.' 

In  Borneo,  upper  cretaceous  beds  occtlr  wliich  afe  characterised  by  an  abund* 
toce  of  Nerineas,  and  yield  several  species  of  fossilli  fonnd  in  Southern  India, 
amongst  which  are  characteristic  Ariyahir  ft)rms,  such  as  Nautilus  irichino* 
fottteHsis  Blatif.  Martin  assigned  the  cretaceotis  rocks  of  Borneo  to  his  Eastern 
Aaiatic  Province,  extending  from  Japan,  through  Sodthetn  India,  to  Natal.' 

In  Australia,  ^  the  cretaceous  rocks  are  e^osed  over  a  larjg^e  area,  and  have  from 
time  to  time  yielded  a  considerable  number  Of  cephalopoda,  including  several 
typical  lower  cretaceous  forms,  such  as  Crioceras,  etc.,  and  consequently  the  beds 
in  which  they  occur,  the  so-tailed  "  Rolling  bown  Formation,"  have  been  as- 
signed to  that  ag6.  From  other  localities,  however,  fosdils  have  been  obtained  (^^., 
^  SehliBfibachia  of  the  group  of  SthL  inflate,  and  several  Puzosia)  which  recall  the 
cenomanian  forms  of  India,  ahd  it  is  quite  possible  that  an  Indian  fauna  may  also 
be  discovered  in  Australia.  The  supposed  upper  cretaceous  beds  of  that  country 
are  very  poor  in  fossils. 

So  far  as  the  cretaceous  fauiia  of  Easterh  Asia  is  known,  aJs  for  example  at  Jesso  * 
and  Sachalb,'  it  is  of  a  well-marked  Indian  type,  A  comprehensive  work  by  Jimbo 
On  the  cretaceous  rocks  of  JesUb^  Speared  a  few  months  ago,  and  considerably 
adds  to  our  list  of  Indian  types  of  ammonites.  An  especially  important  part  is 
played  by  LyMertis  of  the  tytoctra$  Sacya  group  which  is  also  represented  in 
Indii  by  a  greit  variety  of  forms ;  we  may  also  mention  Phynoceras,  Packyditcus, 
iXCf  while  AfaMhoceroif  oi  Mhe  rhohtkt^gtnse  type,  is  hO  longer  unknown  in  the 
Pacific  area.  A  large  number  of  allied,  as  well  as  several  identical  species  con- 
nect the  cretaceous  rocks  of  Japan  and  Sachalin  to  the  Utatur  group ;  thus  we  find 
tytdcifoi  sacya  Forb.,  Phyttoctrds  velleda  Mich.,  and  Acan/hoceras  rhotofnagense 
var.  aiiaiicum  Jimbo,  also  in  the  t/tatur  group.  We  can  also  tnure  a  connection 
with  the  Trichinopoli  group,  for  a  form  allied  to  Pachydiscus  psramplus  has  been 
found  at  Jesso,  while  large  and  numerous  specimens  of  a  similar  form  had  already 
been  discovered  at  Sachalin.  Very  large  also  is  the  number  of  Japanese  species  ol 
Par^Jilrcttx  which  are  closely  allied  to,  or  rather  identical  -  with  Ariyalur  forms. 

^  H.  H.  Medlieott :  Geological  Sketch  of  the  Sbillong  Plateaa  in  N.  B.  Bengal.  (Mem. 
Gieol.  Smr.  India.  VtL  Calcutta.  tSyr.  p.  iSt.  ff.). 

*  W.  Theobald.    Records  Cool  Sot.,  Iftdia,  V,  CUcntta,  1679,  p.  Bs; 

*  K.  Martin.  Die  Kreideformation  tod  Martapoera  (Borneo).  Samnrinagen  dot  Geol. 
Reichamnaeums  in  Leiden. Ser.  I,  Vol.  IV|  1889^  Heft  5b ^p*.i4a« 

^  R.  L.  Jack  and  A.  Etheridge.  The  Geology  and  Paloeontology  of  Queensland  and 
New  Guinea.    London  189a,  p.  390  ff. 

*  M.  Jpkoyatea.  Versteinerungen  ans  dor  JapaniidwB  Kr0ide.(PalttOtttographiea,  XXX VI 
CaiSi]  1889-90^  p.  159  ff. ' 

*  F.  Schmidt  Die  Petrefacten  der  Kreideformation  Ton  der  Insel  Sachalin  (Mem.  de.P 
Aead^mie  Impfciale dei  leiences  de  St  Peiertbourg,  VII.  Ser.  T6me,  XIX.  Nr.  3. 1873. 

»  K.  Jimbo.  Beitrage  znr  Kenntaiss  der  Fauna  der  Kreideformation  von  HdikaidO.  (Palofe. 
ontologische  Abhandluagen.    Bd.  VI,  Heft  3,  Jena,  1S94.) 
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So  striking  b  thb  fact,  that  HAiada,  JoMbjraoia,  and  now  also  Jitolbb  hdVe  concluded 
that  the  fiaiina  df  Japan  mast  be  considered  as  the  result  Of  an  int(irmihgling  of 
fonns  from  every  possible  horixon  of  upper  cretafeeoiis  ag^,  and  that  no  divisioii  of 
the  rocks  ihto  distinct  horizon^  with  chUraderi^tit  fauna^  can  be  attempted.  Bat 
until  we  have  li  dbtiiiiedatcdnnt  of  these  areds,  little  importance  mnst  be  attached  to 
the  aboTe  statement,  for  in  cretaceons  beds,  widely  separated  from  India,  vtB.,  iii 
the  Pacific  sectioii  df  Ndrth  America,  the  Indian  species  occiir  in  a  sncecissiOn 
altnost  identical  with  that  seen  in  the  beds  of  thkt  boantry. 

An  especial  interest  attaches  td  the  coal-beanng  cretaceous  rbcks  of  Queen 
Charlotte's  Islands  ^  in  the  Ndrth-Eastem  Rbeific.  Th^  most  fossilifferons  b^d  of  the 
cxetaceoas  rocks  of  that  area  is  Ricliardsbti's  dlVisidn  C,  which  strongly  resembles 
the  Volga  Series  of  Russia,  not  ohly  in  the  bccurrence  df  Anceiia,  td  Which 
act  the  greatest  importance  has  hithefto  been  attached,  bm  also  in  the  pre. 
senctt  of  many  ammonites^  Thai;  tor  example,  Am.  skidegaitHm  Whiteaves  • 
dilEers  bnt  Terj  slightij  from  OUastephanus  palldsi  Kai^erling^  while  several  other 
varieties  of  XHi^Uphanus  ocenh  and  I  caimot  accept  Whitetsives*  view  that  the  bed 
C.  is  equivalent  only  to  thie  Ganlt.  In  the  highest  tones  of  th&  division  can  be 
seen  nom^rons  nnniistakeable  signs  of  a  connectioli  -with  the  Utatnr  group ;  we  Bnd 
.  the  same  Lfiocerta  SoJcya  as  iti  ]iJ^sca  ahd  India,*  as  Well  as  SMtsHbacAia 
inflaia^  Lyi^erdi  iimotiuanum  May,  etc. 

The  overiying  conglomerate,  which  Is  af^patently  the  equivalent  Of  the  Dakota 
gionp  is  almost  entirely  devoid  of  foskils,  bat  the  higher  sh^lb  beds,  tiie  "  Upper 
Shales/'  have  yielded  Inoceramus  prohleinaiicms  Sdiloth.,  a  coniinon  form  in  the 
Colorado  group  of  the  Atlantic  section  of  North  America  ahd  in  the  turonian  of 
Europe. 

We  have^  therefore.  In  Queen  Charlotte's  bland,  a  tonfortnttUe  deries^  extend-^ 
log  from  the  lo#est  to  the  upper  etetacedus  beds.  I'he  mdiit  recent  investigadoiis 
also  reveal  very  similar  condibdns  in  Northern  Califomik.^ 

To  the  west  of  the  Upper  Sacramento  Valley  a  continuous  series  of  oretaceous 
rocks  is  exposed :  first,  die  Knoxville  beds  with  Aucella ;  above  these,  the  Horse- 
town  beds,  and  at  the  summit,  the  upper  cretaceous  Chico  group.  The  Knoxville 
and  lower  Horsetown  beds  yield  low^  cretaceous  fossils^  while  in  theur  upp^most 
horizons^  the  latter  l)eds  contain  Schkenhachia  iHflatn  Sow;  and  Lyf^cerak  tiicfa 
Forbes,  exactly  as  in  the  upper  horizon  of  divisioii  C.  in  Queen  Charlotte^^  Island. 
The  lower  Chicd  beds  of  Mt.  Diablo  have  for  some  time  been  known  to  contain  ah 
Aeanihoceras  df  the  rhoiomageme  type,  wis.,  Acanthoceras  iumeri  White,  *  which 
s|>ecies  I  also  obtained  from  the  Utatnr  group  of  India^^  In  the  upper  beds  of 
the  Chico  group>  in  addition  to  baculites  of  undoubted  senonian  fancies,  is  fbund ' 
Pachydiscut  newberryanui  Gabb  (non  Meek)^  which  is  very  heariy  alHed  to  P. 

I  J.  P.  Wliiteaves.    Mfesosoie  Fossils.  (JG^ebl.  khd  I^at.  Hist.  Sttrv.  Canada)  Vol.  I ,  pt.  I  and 
III  Montreal,  1876  and  1884- 

>  J.  P.  Whiteaves.    I.  c.  Pt.  I,  pi.  IXj  fi^.  1  p.  d4. 

•  J.  S.  Dilleir  and  T.  W.  Staotott.  The  ShAsta-Chtco  Series,  (Bal)etia  6f  the  Geol.  ISoc.  of 
America).  VoL  V,  pp.  435-4^4«    Rochester,  189^ 

«Ch.  A.  White:  On  invertebrate  fossils   from   the  t^icifie  coAst    ^Bulletin  U. !S.  Geo- 
Sorr.  No,  51  Washington  188^  pi.  V.  p.  a6.) 

•  The  identity  of  the  two  forms  was  confirtaed  by  C6.  A.  White,  to  whoin  1  ient  k  figure 
of  the  Indian  specimen. 
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otacodtmU  Stol.  It  is  »  very  interesting  fact  that  the  Chico  group » the  lowest  beds 
of  which  consist  entirely  of  conglomerate  and  sandstone*  overlaps  the  older  stmu 
of  the  so-called  Shasta-Chico  Series  and  over  extensive  areas  in  Washington, 
Oregon  and  California,  lies  directly  on  the  older  metamorphic  rocks.  The  occur- 
rence of  a  cenomanian  Acanthoceras  in  the  lower  Chico  beds,  and  of  the  lower  ceno* 
manian  fonnSi  Schlcenhachia  inflata  and  Lyiocerat  sacya  immediately  below  them 
proves  that  this  overlap  was  almost  contemporary  with  that  of  India,  West  Africa 
and  Europe,  etc.^  The  Chico  group  is  known  to  extend  to  latitude  29"  30*  N. 
(Lower  California.)  Beds  resembling  those  of  the  Chico  group,  occur  also  further 
north  in  the  Island  of  Vancouver,*  where  they  are  characterised  by  the  number 
and  excellence  of  their  fossils.  In  the  British  Museum,  in  an  old  collection  made  by 
Hector  and  mentioned  by  Whiteaves,  but  not  (hitherto  examined,  I  observed  not 
only  an  excellent  .specimen  of  Am.  indra  Forb.,  but  also,  from  the  «ime  beds 
the  typical  Pachydiscus  otacodensis  of  the  Ariyalur  group,  not  hitherto  identified 
in  North  Amenca,  and  several  other  Pachydiscus  forms,  some  of  which  were  new, 
as  well  as  Baculites  occidentalis  Meek,  which  is  closely  allied  to  the  Indian  Bacu^ 
liUs  vagina,  etc.  Whiteaves  mentions  the  occurrence  of  Puzosia  gardeni  Forb. 
in  the  Chico  group  of  Vancouver,  while  his  Lytoceras  jukesii  (?)  Sharpe  \b 
apparently  identical  with  LyL  kayei  Forb. :  the  number  of  Indian  species  is  there- 
fore very  considerable.  So  far  as  the  fauna  of  the  Pacific  area  of  North  America 
has  hitherto  been  identified,  the  succession  of  the  horizons  is  very  similar  to  that 
seen  elsewhere.  In  the  upper  Horsetown  beds  occur  Schlcenbachia  inflata  and 
Lyioceras  sacya,  and  next  above  them,  in  the  lower  Chico  group,  Acanihocenu 
followed  in  the  upper  Chico, group  by  Pachydiscus  and  baculites. 

Our  knowledge  of  the  other  cretaceous  rocks  on  the  Pacific  side  of  America 
is  very  meagre.  In  Chili  unmistakeable  upper  cretaceous  beds  occur.  In  the 
Natural  History  Museum  in  London,  I  saw  the  specimens  of  BcLCuliies  vagina 
Forb.,  >  from  Conception  Bay,  which  are  mentioned  in  Darwin's  work  on  South 

1  Since  a  single  "Shasta-Chico  Series"  has  been  established,  extending  from  the  lowest  to 
the  apper  beds  of  cretaceous  age,  the  question  as  to  the  date  of  the  folding  of  the  Sierra 
Nevada  and  coast  ranges  has  assumed  a  new  aspect.  If  the  altered  Auetlla  (Mariposa)  beds 
of  the  Sierra  Nevada,  which  are  unconformably  overlapped  by  the  Chico  beds,  are  of  the  same 
age  as  the  lower  Knozville  beds  of  the  Shasta-Chico  series,  then  the  folding  of  the  Sierra 
Nevada  and  the  coast  ranges  would  certainly  be  intercretaceous,  a  view  which  formerly  met 
with  general  acceptance,  folding  then  took  place  simultaneously  with  that  In  Mexico,  whilo 
at  the  same  time,  uninterrupted  sedimentation  was  proceeding  in  the  Upper  Sacramento 
Valley  and  further  to  the  North.  (Queen  CharU  Isl.,  Rocky  Mts.  and  British  Columbia).  After 
the  completion  of  the  folding,  the  sea  again  flowed  over  the  newly-formed  mountains,  and  upon 
them  the  Chico  beds  were  laid  down.  According  to  another  view,  however,  the  Mariposa  beds 
are  of  Jurassic  age,  and  consequently  older  than  the  Knoxville  beds,  and  the  folding  took  place 
previous  to  the  deposition  of  the  latter.  See  H.  W.  Fairbanks  1  The  pre^retaceous  age  of  the 
metamorphic  rocks  of  the  California  Coast  Range,  (Americ  Geologist.  March  189a.  p.  153  ff,). 
At  present  our  data  are  too  scanty  to  enable  us  to  arrive  at  a  decision  of  any  value.  This 
one  Important  fact,  however,  is  certain,  that  in  upper  cretaceous  times  (Chico  period)  the 
Sierra  Nevada  formed  the  western  coast  of  a  continent,  the  Great  Basin,  which  extended 
eastward  from  that  range. 

*  J.  F.  Whiteaves  l.c.  Pt.  11.  On  the  fossils  of  the  Cretaceous  Rocks  of  Vancouver,  etc* 
Montreal*  1879. 

*  Ch.  Darwin  :  Geological  observations  on  the  volcanic  islands  and  parts  of  Southern 
America,  9  edit,  London,  1876^  p.  291» 
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America.  These  differ  m  no  particular  from  the  Indian  specimens.  At  the  Geologic 
cal  Congress  held  recently  in  Zurich,  Prof.  Steinmann,^  speaking  on  the  cretaccious 
rocks  of  Chili,  said  that,  on  investigation,  he  had  indentified  Phylloceras  and 
Lytocerca  forms  connecting  the  beds  of  that  country  with  the  Utatur  group  of 
India.  There  may  therefore  be  in  the  upper  cretaceous  rocks  of  Chili  both  Utatur 
and  Ariyalur  forms. 

In  general  type,  the  cretaceous  rocks  of  the  Pacific  area  can  be  readily  distin- 
guished from  those  of  the  Atlantic  province.  Time  has  proved  indeed  that  almost 
all  species  occuning  in  the  one  are  also  represented  in  the  other,  but  often  in  a  much 
less  degree.  Thus,  for  instance,  Schlanhachia  and  Acanthoceras,  although  not 
unknown  in  the  cenomanian  of  the  Pacific  area,  occur  but  rarely,  and  are  quite 
out-numbered  by  a  profusion  of  Phylloceras  and  Lytoceras  forms,  (the  latter  more 
particularly  of  the  Lyi.  sacya  type).  On  the  other  hand  Desmoceras  and  Puzosia, 
which  are  of  rare  occurrence  in  the  upper  cretaceous  rocks  of  the  Atlantic 
area,  are  here  comparatively  common,  while  Holcodiscus,  which-  is  not  known 
to  occur  in  the  upper  cretaceous  beds  of  the  Atlantic  area,  is  represented  in 
India  by  an  abundance  of  forms.  Pachydiscus  and  Baculites  are  more  or  less 
equally  distributed  in  both  hemispheres,  being  represented,  however,  by  different 
species.  It  is  impossible,  therefore,  nor  would  it  be  advisable,  to  enunciate  shortly 
a  hard-and-fast  distinction,  which  on  further  investigation  might  prove  to  be  erro- 
neous, for  only  quite  recently  has  it  [been  shown  by  Jimbo  that  the  true  Atlantic 
type  of  Placenficeras  and  Acanihoceras  (of  the  rotomagense  group)  occurs  also 
in  Japan. 

On  the  whole,  however,  the  cephalopod  fauna  of  the  upper  cretaceous  rocks  in 
the  Pacific  area  is  not  so  rich  in  new  forms  as  is  that  of  the  Atlantic  province, 
the  majority  being  closely  connected  with  lower  cretaceous  forms ;  and  this  "  conl 
servative  tendency,"  noticed  by  Neumayr*  in  the  cretaceous  fauna  of  Southern 
India,  is.  so  far  as  we  are  at  present  aware,  to  a  great  extent  peculiar  to  the  Pacific 
area.  The  commingling  of  both  types,  which  in  India  was  so  intimate  that  they 
almost  balanced,  is  quite  unknown  in  the  cretaceous  rocks  of  the  west  coast  of 
America,  which  are  much  more  closely  related  to  the  Atlantic  area  than  are  those 
of  India. 

The  great  difference  between  the  cretaceous  rocks  of  California  and  those  of  the 
Rocky  Mountains,  which  are  of  the  Missouri  type,  has  long  been  known,  and 
American  geologists  completely  separate  these  two  areas, '  not  only  on  account  of 
the  constitution  of  their  fauna,  but  also  on  account  of  their  geological  conditions. 
As  we  approach  the  Great  Basin,  the  cretaceous  beds  of  the  Aocky  Mountains  and 
of  the  Colorado  plateau  increase  in  thickness,  and  we  find  intercalated,  at  widely 
separated  horizons^  seams  of  coal  and  beds  containing  brackish  or  fresh-water 
shells ;  thus  indicating  the  proximity  of  the  western  coast  of  the  ancient  continent^ 
the  Great  Basin,  which  was  subjected  to  folding  in  post*jurassic  times,  and  from- 
whicb  cretaceous  beds  are  entirely  absent ;  while  on  the  other  side  of  the  Sierra 
Nevada,  we  meet  with  the  completely  different  cretaceous  rocks  of  California. 

1  G.  SteiomanarProcte— Verbioz  des  Stances  dei  Sections. 30.   &  Congr^  Gdologiqae 
mternatfoaal  VI.  Session  &  Zurich,  1894  pp.  6,  10.  .     . 

*  M.  Nenmayr :  Erdgeschichte,    Bd  2,  p.  390. 

*  See  Ch.  A.  White  (Boll.  U.  S.  GeoK  Sury.,  No.  15.  p.  30.) 
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An  interesting  addiUoo  to  Ihese  facts  was  eontributed  by  HiU,i  iu  lii«  investiga^ 
tions  of  the  qretacepus  ropks  qf  Me^uoo.  He  dtecove^ed  that  the  lower  cretaceous 
(Comanche  series  of  Texas)  of  the  Mexican  Sierras  almost  extends  from  ocean  to 
ocean.  Before  the  deposition  of  the  upper  cretaceous  beds,  however,  tbese  rocks 
were  subjected  to  folding,  and  the  next  series  (upper  cretaceous)  was  then  laid 
down,  which,  as  may  be  seen  in  the  Missouri  district  in  the  east,  lies  unconformably 
upon  them.  During  upper  cretaceous  times,  the  lofty  mountain  folds  of  the  Great 
Basin  region  of  North  America  formed  dry  land,  extending  as  far  as  British 
Columbia. 

In  the  north  of  British  Columbia  we  encounter  somewhat  different  conditions. 
It  has  already  been  stated  that  the  Upper  Shales  pf  Queen  Charlotte's  Islands  yield 
Inoceramut  problemattcus  Scbloih.,  which  is  also  frequently  met  with  in  the  creta- 
ceous rocks  of  Missouri.  On  the  mainland  of  British  Columbia  bet«veen  the 
parallels  of  49°  and  51*^  30',  Dawson  discovered  a  bed  resting  on  the  ilttr^//a-bearing 
Kootanie  Series,  which  latter  is  the.  littoral  representative  of  the  SbasU  group,  or 
more  particularly  of  Div.  C  of  Queen  Charlotte's  Islands.  This  bed  is  a  conglomer<» 
ate  similar  to  that  found  in  Queen  Charlotte's  Islands,  and  is  overlain  by  the  clay  of 
the  Colorado  group  and  by  upper  cretaceous  beds  extending  to  the  Laramie  Series. 

In  the  same  locality,  it  was  also  possible  to  identify  with  certainty  upper  cre^ 
taceous  beds  of  Atlantic  type  resting  upon  lower  beds  of  Pacific  type,  and  the 
occurrence  of  Inoceramut  prohlematieus  in  Queen  Cbarlotte'a  islands  iaa  proof  thai 
the  same  conditions  prevail  there  also.  Hence  we  see  that  a  connection  resulting 
in  overlap  existed  between  the  Atlantic  beds  and  those  of  the  Pacific  area,  which 
daring  lower  cretaceous  times  extended  to  the  eastern  spur  of  the  Rocky  Mountains.* 
The  interchange  of  fauna,  thereby  rendered  possible,  seems  however  to  have  been 
quite  insignificant,  the  admixture  in  the  Chico  group  of  forms  from  the  Atlantic 
portion  of  North  America  being  very  trifling. 

The  conditions  prevailing  in  the  northern  districts  of  South  America  and  in  the 
Antilles,  are  very  interesting.  In  Jamaica,  corals  •  have  long  been  known  to  occur 
of  which  several  are  identical  with  those  of  the  (josau  beds,  while  Jiippurites  are 
associated  with  them,  and  an  Actaonella  also  has  been  stated  to  occur;  all  the  above 
being  fossils  which  undoubtedly  occur  in  the  Mediterranean  cretaceous  area.  In 
striking  accord  with  the  above  facts  is  the  dispovery  in  Peru*  of  an  Actctomlla  and 

«  R.  Hill :  The  Cretaceoat  PDmifttion  ef  Mexic*  aad  their  relation  to  North  Ametteaft 
Geognphic  Development  (Am.  Journ.  ol  Science,  3,  Ser.,  XVL,  No,  fl6a,  1893*  P.  307)- 

•  J,  F.  Whiteaves,  too,  findi  that  the  npper  creUceous  rocks  are  more  nearly  related  to 
those  of  the  eastern  area  than  are  the  rocks  of  the  more  sonthern  Chico  group  of  CaliforniA 
(1.  c  Vol.  I,  Pt.  II,  p.  187)  which  is  further  evidence  in  favour  of  the  ahove  connection. 

On  the  whole,  Whlteaves  agrees  with  Oabb  in  supposing  that  communication  waa 
carried  on  through  the  southern  area,  and  add\Me»  as  evidence  in  support  of  Imb  view  the  €adfc 
that  cretaceous  rocks  occur  to  the  west  of  the  Siewa  Madce  in  Menco.  But  in  the  Chitto 
period  the  coast  extended  much  further  west,  embracing  tower  CaliCornia,  while  the  Cautfa 
also  of  that  district  is  entirely  different  to  that  of  Mexico  and  Texas.  .  ^  ,»*      . 

See  also  Ch.  A.  White  :  Notes  on  the  Mesozoic  and  Cenozoic  Pal«eontology  of  California 
(BulLU.  S.Geol.Surv.  No.  IS.  Washington    1885),  p.  30^  and  R.    Hill;  Crct.   Format,  of 

Mexico  etc.,  p,  31 S^  ^     ,         ^   ,        .      /r>«.-*    \^^^ 

»  S.  M.  fiuncan  and  G.  P.  Wtf ;  A  notice  on  the  Geotogy  of  Jamaica  (Quart.  Jouro. 

Geol.  Soc.,  London,  XXI,  1865),  p.  a,  ff.  '  ^     ^  j.  .     o 

*  W.  M.  Gabb;  Description  of  a  coUectioii  of  foti^ls  made  by  Drr  A.  Raymondi  in  I'eni 
(Journ.  Acad.  Nat.  Science  Philadelphia,  a,  Ser.  Vol.  VIU.  Part  III,  Art.  X,  1877,  tec  pi  36, 
fig.i.«,b,p.fl64etc.) 
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of  tjpical  Mediterranean  ammonites,  closely  connected  wii^  ''  JBuchtaroi"  syriaeum 
Bach.  Such  a  jfanna  cannot  fail  to  have  been  derived  from  the  Mediterranean,  and 
the  assumption  is  therefore  inevitable  that  an  arm  of  the  sea  stretched  across 
America,  most  probably  in  the  neighbourhood  of  the  Antilles  and  the  modem 
Cordillera  region  of  the  northern  part  of  South  America,  thus  rendedug  possible  the 
migration  into  the  Pacific  area  of  exclusively  Mediterranean  types.  It  was  formerly 
supposed  that  the  lorn  ^* Suchiceras" h^rtiii  Hyatt,  found  in  Brazil  was  connected 
with  those  discovered  in  Peru,  and  consequently  it  was  assumed  that  communication 
had  originally  been  possible  by  means  of  the  valley  of  the  Amazon.  We  can  now 
however,  recognise  the  former  existence  of  two  arms  of  the  sea,  which  divided 
America  as  it  existed  at  that  period  into  two  great  insular  portions,  constituting 
the  boundary  between  the  Pacific  and  Atlantic  Oceans. 

The  cretaceous  rocks  of  Southern  India  are  more  or  less  closely  connected  whh 
a  very  large  number  of  rocks  of  that  age  occurring  in  other  countries,  and  are  con- 
sequently well  adapted  to  serve  as  their  type.  The  European  beds  on  the  other  hand 
being  merely  a  typical  sub-division  of  the  Atlantic  area,  are  of  but  little  service  in 
this  respect,  and  frequently  fail  us  if  we  endeavour  to  correlate  them  with  the  cre- 
taceous rocks  of  the  Pacific  The  great  importance  of  the  cretaceous  beds  of 
Southern  India  was  therefore  speedily  recognised,  but  their  connection  wiUi  those  of 
the  Atlantic  area  has  been  much  under-estimated. 

In  reality,  the  fauna  of  Southern  India  comprises  the  most  important  types  of 
both  the  great  areas  and  thus  serves  as  a  connecting  link  between  them. 

The  marked  contrast  between  the  cretaceous  rocks  of  the  Atlantic  area,  and  those 
of  the  Pacific  consists  not  only  in  the  great  difference  of  extension  of  the  overlap, 
but  also  in  the  independence  of  their  respective  fauna.  This  is  particularly  striking 
in  America,  but  disappears  to  the  eoafh  of  the  ancient  Indo-African  continent. 

I  have  now  stated  in  general  terms  the  most  important  fiicts  bearing  on  the 
geogxaphkal  conditions  which  prevailed  in  upper  cr^oeous  times.  No  other 
system  offers  such  a  profusion  of  jilaterial  lor  a  detailed  reproduction  of  those  con- 
ditions, and  it  is  my  luUssatimh  as  soon  as  possible,  to  embody  these  in  the  form  of  a 
chart. 

Ib  eonclnsion  I  should  like  to  enter  briefly  into  a  few  general  questions. 
Neomayr  ascribes  great  importance  to  tbe  influences  of  climate,  moie  especially 
as  regards  the  horixontal  distribution  of  the  Ammonoidea.  This  question  has  re- 
ceived a  considerable  amount  of  attention,^  and  it  is  how  probable  that  the  dispersion 
of  the  cephAlopods  was  due  less  to  the  effects  of  climatic  Influence  than  to  those 
of  the  distribution  of  land  and  sea,  and  Ae  conseqnent  facilities  for  migration.  The 
ammonite  fauna  of  Central  Europe  is  at  least  as  inrimately  connected  with  that  of 
.  Southern  India,  as  with  that  of  the  Meditenanean.  Now  the  climate  of  Central 
Enn^  cannot  have  differed  widely  from  that  of  the  Mediterranean,  while  on  the 
other  hand  that  of  Southern  India  was  tropical,  and  the  similarity  in  fauna  must  be 
due  to  migration  of  species  from  one  hemisphere  to  the  other  by  way  of  Natal.  Even 
disregaiding  any  possible  deductions  from  the  present  clunate,  we  can  still  establish 

>  ^  NikHSn.  Bttile#s  uber  den  Jura  in  Mexico  mid  CeutrsUsiM.  (Keiies  Jftbirl^.,  Vd.  Itt 
1890,  p.  073,  ff.) 

A.  Torn^Uisl.  FngMate  •iner  Oxfordfawia  von  MUrn  (DMtsdi  Ostafriks),  ]ahrb.der 
Hamboffger  wissentcbaftliehen  Aostaltan*    X.  s.  Hambarg*  i^».|h  S4< 
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the  tropical  character  of  the  cretaceous  fanna  of  Southern  India,  both  by  meiafts  of 
the  reef-building  corals  and  also,  though  in  a  lesser,  degree,  by  the  presence  and 
luxuriance  of  the  gastropod  and  bivalve  fauna.  The  argument  in  favour  of  a  tropical 
climate  based  by  Neumayr  on  th6  occurrence  of  Phyllocerat  and  Lytocerasy  applies 
equally  well  to  the  whole  Indo-Pacific  region.  In  that  area,  these  forms  are  found  jn 
districts  which,  according  to  Neumayr^  during  the  preceding  Jurassic  and  lower  creta- 
ceous periods  were  closely  connected  with  the  Volga  beds,  that  is  to  say,  with  the 
Northern  basin.  The  less  extensive  faunas,  inhabiting  smaller  and  more  isolated 
seas,  may  possibly  have  been  less  independent  of  climatic  influences ;  but  it  is  very 
difficult  to  decide  with  any  degree  of  certainty  the  amount  of  importance  to  be 
attached  to  this  factor. 

The  wide  distribution  of  the  Ammonoidea,  which  so  complicates  the  question  of 
climatic  influence,  induced  Professor  J.  Walther^  to  beHeve  that  on  the  death  of  the 
ammonites,  their  floating  shells  became  filled  with  air,  and  were  borne  hither  and 
thither  by  winds  and  currents.  He  consequently  concludes  that  their  wide  distri- 
bution was  due,  not  to  migration  during  life-time,  but  to  a  subsequent  transportation 
of  the  empty  shells.  He  even  considers  himself  justified  in  propounding  the  theory 
that "  the  Triassic^  Jurassic  and  Cretaceous  systems  may,  for  the  most  part,  each  be 
distinguished  by  a  single  species  of  ammonite,  and  may  thus  be  recognised  with 
facility  in  any  part  of  the  globe "  :  and  again,"  during  a  given  geological  period, 
some  one  species  of  ammonite  was  uniformly  distributed  over  the  whole  sea-floor^ 
and  after  a  short  existence,  became  everywhere  simultaneously  extinct  and  was 
everywhere  simultaneously  replaced  by  a  new  species."  The  above  statements  involve 
a  gross  exaggeration  of  the  true  state  of  the  case,  for  if  we  study  the  fauna  of  any 
given  period  over  the  whole  earth,  we  find  that  in  reality  the  phenomena  are  highly 
complicated.  In  the  majority  of  cases,  those  species  by  means  of  which  we  corre- 
late widely  separated  areas,  are  not  identical,  but  are  merely  closely  allied  forms  : 
i^'t  geographic  variation  involves  variation  of  species. 

The  more  careful  our  observations,  the  more  frequently  do  we  find  that  in  nunier- 
ous  cases,  species  originally  supposed  to  be  identical,  are  in  reality  only  members  of 
similar  groups,  which  may  be  distinguished  from  one  another  by  certain  constant  ^ 
characteristics.  Thus,  for  example,  we.  find  in  India  neither  Acanthoceras  rhoioma- 
gense  Defr.,  Mammiies  nodotoides  Schloth,  Pachydiscus  peramplus  Mant.,  Schlan- 
hachxa  iricarinaia  Orb.,  Phcenticeras  syriaU  Mort^  nor  Baculitet  aneeps  Lam.  ;* 
closely  allied  forms,  however,  do  occur,  and  these  are  found  in  ian  exactly  similar 
stratigraphical  relationship,  and  are  evidently  their  representatives.  Very  similar 
examples  of  this  may  be  seen  if  we  compare  the  cretaceous  fanna  of  Brazil,  Japan 
or  North  America  with  that  of  India. 

It  is,  however,  undeniable  that  there  are  species,  several  of  which  I  have  already 
bad  occasion  to  mention,  which,  by  their  constant  characteristics,  may  be  recog- 
nised in  almost  every  part  of  the  world.  Thus  Lyioaras  timothiaHum  May  ha^s 
been  found  in  Europe,  India,  Sachalin,  and  Queen  Charlotte's  Islands.  In  Europe, 
it  is*  connected  with  contemporaneous  and  also  with  older  forms*  while  its  descen- 
dants are  found  in  India  in  the  Trichinopoli  and  Valudayur  groups ;  nearly  allied 
forms  also  occur  at  Jesso.   If,  however,  its  presence  in  any  given  area  were  due  to 

1  J.  Walthtr:  Einleitnng  in  die  Geologie  als  historische  Wiisenichaft;  II.  Th.  Jeoa., 
1893-94.    (Die  Ammooiteo  als  LeitCoisilien,  p.  508.  flF.) 
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marine  uansportation,  it  would  there  be  isolated  and  not  found  in  association  with 
allied  forms.  Many  other  examples  of  a  similar  nature  are  to  be  seen  in  Desmo^ 
cerate  J^tszosia,  Pachydiscus,  Acanth'Ceras^  Schlcenbachia^  Hamitts,  etc.  Any  further 
demonstration  of  the  fact  would,  however,  be  valueless  without  palseontological 
details.  Hence  we  see  that  there  are  certain  widely  dispersed  species  of  ammonites, 
which  are  found  to  be  distributed  in  such  a  manner  that  we  are  compelled  to  assume 
an  independent  migration. 

Very  similar  conditions  prevailed  during  Triassic  and  Jurassic  times  :  and  the 
above  facts  prove  that  in  all  such  cases  the  animals  lived  in  the  localities  in  which 
their  remains  have  been  found.  The  possibility  of  the  occasional  transportation  of 
the  empty  shells  need  not  be  contested.  Walther's  theory,  however,  has  no  special 
bearing  on  the  question  of  the  zoo-geographical  conditions. 

If  we  compare  the  horizontal  distribution  of  the  ammonites  with  that  of  other 
forms  of  animal  life,  we  find  that  it  is  by  no  means  so  abnormal  as  to  necessitate 
an  explanation  other  than  that  of  simple  migration.  Thus,  for  example,  in  Southern 
Indis^  associated  with  European  ammonites,  we  find  also  European  brachiopods, 
bivalves  and  gastropods,  though  certainly  in  smaller  numbers.  If  again,  we  com- 
pare the  conditions  prevailing  at  the  present  day,  we  find  numerous  striking  exam^ 
pies  of  the  wide  distribution  of  many  marine  shells.  Thus,  for  instance,  species  are 
now  living  which  are  common  to  Natal,  Ceylon,  the  Philippines,  Japan,  and  even 
the  coast  of  Australia;  ^  and  Fischer  draws  special  attention  to  a  considerable 
number  of  gastropods  which  are  found  both  in  the  Indian  Ocean  and  at  the 
Antilles.^  Similar,  if  less  striking  examples  might  be  added — there  is  even  an 
unmistakable  resemblance  in  the  distribution  of  the  modern  fauna  ^  which,  however, 
is  not  to  be  wondered  at,  if  we  consider  the  great  resemblance  existing  between 
the  geographical  conditions  during  later  cretaceous  times  and  those  prevailing 
at  the  present  day. 


Report  on  the  Experbnetiial  Boring  for  Petroleum  at  Sukkur^  from 
October  id'gj  to  Match  /^pj,  by  T.  H.  D.  LaTouchb,  B.A.,  Superin- 
tendent y  Geological  Suivey  of  India. 

The  actual  drilling  of  the  Sukkur  boring  was  commenced  on  the  19th  Decem- 
ber 1893,  the  previous  two  months  having  been  spent  in  bringing,  down  from 
Babar  Kuch  the  boring  plant,  which  had  been  in  use  at  the  Khattan  oil-wells,  in  se- 
lecting and  repairing  such  portions  of  it  as  were  suitable  for  the  Sukkur  boring,  and  in 
erecting  the  drilling  rig  and  derrick.  The  site  had  been  provisionally  selected  by 
Dr.  King,  late  Director,  Geological  Survey.  The  reason  of  this  choice  was  not 
that  there  was  a  greater  probability  of  pbtaining  oil  at  that  spot  than  at  any  other  in 
the  neighbourhood  of  Sukkur  or  Rohri,  for  at  that  time  no  surface  indications  of 

'  P.  Fischer  t  Manuel  de  conchyliologie.     Pans,  1887,  tome.  i.  p.  158. 
'  P.  Fischer.  I.  c.  p.  177. 
*  See  Fischer's  chart,  p.  126. 
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the  presence  of  oil  had  been  found  anywhere  in  Upper  Sind;  it  was  merdy  a 

m^ter  of  convenience,  for,  being  close  to  the  North  Western  Railway  workshops, 

repairs  to  the  machinery  could  be  carried  out  with  as  little  delay  as  possiUe,  while 

it  was  also  at   a  convenient  distance  within  the  area  of  outcrops  of  the  upper 

nummulitic  limestone,  the  base  of  which  forms  a  well-defined  horizon  for  compsh 

rative  measurements  in  relation  to  sections  or  borings  in  other  localities. 

In  the  first  place  a  well  or  sump  was  excavated  down  to  the  level  of  the  surface 

«    ^  .    <  Au  u    •  water,  which  was  found  al  a  depth  of  about  lo  feet.    A 

Frogresa  ox  the  boriDsf*       ,         .***.•  *  «  .         •«« 

length  of  8-mch  casing  was  then  put  m  and  sunk  through 

tiie  alluvial  sandy  clay  overlying  die  limestone  until  the  eroded  surface  of  the  lalter 

was  struck  at  a  depth  of  38  feet  6  inches.    Now  that  experience  has  been  gaifted  of 

the  nature  of  the  rocks  beneath  the  limestonci  it  is  evident  that  it  would  have  been 

better  to  have  started  with  a  larger  diameter  of  casing  than  8  inches,  as  this  would 

have  greatly  facilitated  subsequent  operations ;  but,  at  the  time  the  boring  wasbegun^ 

It  was  not  anticipated  that  the  hole  would  have  to  be  lined  with  casmg  to  so  great  a 

depth. 

After  the  limestone  was  struck  on  the  23rd  Pecember  1893,  al  which  date  work 

was  stopped  till  the  end  of  the  year,  the  progress  made  may  be  summarised  as 

follows  :— 


Month. 


January  1S94 

February      »f 
Marcli  „ 

April  „ 

May  „ 


ProgreM 
made. 


Ft.     Ins. 
aSl         o 


76 


17 


75 


Jane 


nH 


47 


T<9(al 
depth. 


Ft.     Ins. 


324 


400 


4'7 


493 


540 


Rg  MARKS. 


The  base  of  the  limestone  waa  reached  at 
140  feet  from  surface.  The  boring  then 
entered  beds  of  shaly  bine  clays,  with  thin 
bands  of  limestone  and  nests  and  Teina  of 
gypsum. 

Drilling  much  retarded  by  clogging  of  tooii* 
Six-inch  casing  was  pot  in  to  a  depth  of 
167  feet. 

Greater  part  of  month  spent  in  substituting 
7-inch  casing  for  the  6-incfa  and  in  patting 
down  the  latter  to  the  bottom  of  the 
hole. 

A  thick  band  of  limestone  was  passed 
through  at  409  feet,  which  prevented  the 
rasing  from  going  down.  The  caainjg  had 
to  be  drawn  out  and  the  obstrnctson  cut 
away. 

The  whole  month  waa  spent  in  lining  the 
hole  with  6-inch  casing.  The  tools 
became  jammed  in  the  hole  on  the  I2tb» 
and  were  not  recovered  till  the  aist.  Tbe 
6-iDch  casing  was  put  down  to  440  feet,  bnt 
could  be  sunk  no  further,  and  a  string  of 
4l-inch  casing  was  therefore  put  in. 

Drilling  proceeded  till  the  8th,  when  the 
4f -inch  casing  refused  to  go  further.  The 
6- inch  casing  was  driven  (town  to  46s  feet. 
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MoiMh, 


Total 
depth. 


Remark  ■. 


Pt    Ins. 


July  1894 


AvgQSt 


Oetobar 


lfoveinb«r    n 


JwraaryiSpS 
Pebniary  ^ 


113 


134 


78 


PL    Ins. 

545       o 


63d 


745 


ii<l 


79 


87* 


957 


963 


Ii049 


The  whole  month  was  spent  io  trying  to  get 
the  6-inch  casing  past  tht  obitrsdion  at 
464  feet.  On  the  13th  the  sand  pump  wai 
lost  in  the  hole,  and  was  not  recovered  till 
the  iSth.  Subsequently,  the  0-inch  casing 
was  driven  down  to  505  fiet. 

The  4t  inch. casing  was  pat  irt  again.  Prom 
the  0th  to  the  a3rd  repaifs  were  being  madt 
to  the  engine  and  boiler. 

Progress  was  more  rapid  this  month,  as  the 
casing  followed  the  tool  down  and  was  not 
stopped  by  bands  of  hard  rock. 


observed  at  about 
was  struck  at   about 


Indications  of  gas 
785  feet,  and  water 
865  feet. 


The  4l-ineh  casing,  which  had  now  reached 
a  depth  of  917  {eet,  would  not  go  farther, 
and  it  was  therefore  pulled  out  and  the 
lining  of  the  hole  continued  with  6-incli 
casing  by  the  aid  of  an  under-rimer. 

Putting  in  the  6-inch  casing.  Repairs  to 
the  engine  and  boiler  were  done  between 
the  6tki  ahi  i5th. 


Struck  a  band 


Put^tiag  down  6-inch  easing.    \ 
of  hard  limestone  at  95^  feet. 


Drilling  proceeding  fairly  steadily^  though 
slowly.  The  band  of  limestone  at  058  feet 
proved  to  be  only  90  feet  thick.  The  holtf 
was  lined  with  6-ioch  casing  to    1,033  ^^^ 


Since  the  beginning  0!  March  progress  has  again  been  very  slow,  and  up  to  the 
present  about  40  feet  have  been  drilled.  Two  more  lengths  of  6-(nch  casing  have 
been  put  in,  making  a  total  of  1,056  feet  now  in  the  hole,  bnt  these  last  two  lengths 
have  been  driven  down  with  much  difficulty,  and  it  is  hardly  likely  that  much  more 
casing  of  this  size  can  be  used.  It  is,  however,  more  than  we  expected  it  would  be 
possible  to  introduce,  and  of  course  it  is  a  great  advantage  to  have  the  hole  perfectly 
clear  to  such  a  depth,  for  it  will  considerably  facilitate  the  progress  of  the  smaller 
casing,  which  will  shortly  have  to  be  put  in. 

The  shales  and  clays  beneath  the  limestone  are  of  very  uniform  character 
Character  of  the  throughout  the  whole  distance — about  940  feet— passed 
strau  beneath  the  lime-  through  up  to  the  present,  the  Only  exception  being  the 
•tone.  occurrence  of  thin  bands. and  nodules  of  hard  grey  lime- 

stone; and  th  re  can  be  no  doubt,  as  {minted  out  by  Mr.  Griesbach,  that 
they  are  the  same  beds  as  thoS6  found  in  a  similar  position  beneath  the  upper 
nummulitic  limestone  in  Baluchistan,  as,  for  instance,  in  Mudgorge  on  the  Hnrnai 
Railway.    What  their  thickness  may  be  at  Sukkur  it  is  impossible  to  say,  for  the 

c  a 
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different  members  of  the  tertiary  system  vary  considerably  in  thickness  in  different 
localities,  and  no  measurements  made  in  the  hills  to  the  west  of  Sind  can  be  relied 
on  to  furnish  an  estimate  of  the  thickness  at  Sukkur.  They  tnay  continue  without 
much  change  for  another  thousand  feet,  or,  again,  the  underlying  'rock»,  which  it  is 
to  be  hoped  are  of  more  solid  character,  may  be  reached  at  any  moment. 

Under  these  circumstances   it  is  difficult  to  offer  any  opinion  as  to  the  future 
Future   prospects  of      prospects  of  the  boring,  that  is  to  say,  as   to  the   depth  to 
boring.  which  it  should   be  carried   before  hopes  of  a  successtui 

issue  are  abandoned.  But  a  discovery  has  quite  recently  been  made  in  the 
neighbourhood  of  Rohri.  on  the  other  side  of  the  Indus,  which  seems  lo  point 
to  there  being  a  certain  depth  at  which  oil,  if  it  exists  in  any  quantity,  should  be 
met  with,  and  to  this  depth  I  think  that  the  boring  should  certainly  be  carried ; 
and  now  that  so  much  of  it  has  been  lined  with  6-inch  casing,  there  should  be 
no  great  difficulty  in  doing  this.  1  have  already  reported  on  the  discovery  alluded 
to,  but  it  may  be  well  to  call  attention  to  the  facts  here,  and  the  conclusions  I 
have  drawn  from  them  so  far  as  they  affect  the  Sukkur  boring. 

My  attention  was  recently  called  by  His  Highness  the  Mir  of  Khairpur  to  the  fact 
Traces  of  oil  at  the  that  some  peculiar  gas  had  been  observed  for  many  years  to 
surface  near  Kundra.  issue  from  the  soil  at  a  spot  about  three  miles  to  the  west  of 
Kundra,  a  village  eight  miles  south  of  Rohri.  I  visited  the  place  soon  afterwards 
and  noticed  that  the  gas  appeared  by  its  odour  to  be  similar  to  that  observed  in  the 
boring  at  Sukkur;  and  recently  1  had  a  well  dug  at  the  spot  so  as  to  reach  water, 
which  was  found  at  about  20  feet  from  the  surface.  After  reaching  a  depth  of  1 6  feet 
or  so  the  gas,  which  is  apparently  carbonic  acid,  as  it  does  not  support  combusliOD, 
issued  in  such  volumes  as  to  prevent  the  men  working  in  the  well,  and  the  sinking  had 
to  be  carried  on  from  above.  On  examining  the  water,  after  emptying  it  oni  and 
allowing  it  to  flow  in  again  several  times,  distinct  traces  of  oil  appeared  on  the 
surface  in  the  shape  of  iridescent  films,  and,  on  dredging  up  the  sand  from  the 
bottom,  these  films  could  be  seen  oozing  out  from  it  and  spreading  over  the  surface 
of  the  water.  The  place  is  well  out  on  the  alluvium  of  the  Indus  valley,  no  solid 
rock  being  seen  anywhere  between  it  and  the  ridge  of  limestone  running  south 
from  Rohri,  which  lies  at  about  six  miles  distance  to  the  east.  Now^,  if  we  knew  the 
thickness  of  the  alluvium  and  the  dip  of  the  beds,  it  would  be  easy  to  calculate  from 
what  horizon  in  the  rocks  beneath  the  limestone  these  traces  of  oil  escape,  supposing 
that  they  escape  from  the  outcrop  of  the  rocks  beneath  the  alluvium  and  do  not  rise 
through  some  fissure.  Consequently,  we  should  know  at  what  depth  we  might 
expect  to  meet  with  them  in  the  Sukkur  boring.  Estimating  the  thickness  of  the 
alluvium  at  300  feet,  and  the  dip  at  a^  to  the  east,  which  is  about  the  average  dip 
seen  in  the  hills,  the  thickness  of  beds  between  the  base  of  the  limestone  and  the 
horizon  at  which  the  oil  escapes  works  out  to  about  1.500  feet ;  and.  as  the  base  of 
the  limestone  at  the  Sukkur  boring  is  140  feet  from  the  surface,  tlie  total  depth  to 
be  drilled  in  order  to  reach  that  horizon  should  be  a  Htt'.e  over  i  ,60 .  feet.  Of  course 
the  alluvium  may  be  of  greater  or  less  thickness  than  \  have  estimated.  This  can 
only  be  determined  by  a  boring  at  the  spot ;  but  the  difference,  whatever  it  may  be. 
•  should  be  added  to  or  substracted  from  the  estimate  above  given,  in  order  to  deter- 
mine the  depth  to  which  the  Sukkur  boring  should,  in  my  opinion,  be  carried  before 
being  abandoned. 
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Th€  Development  and  Sub-fitvision   of  the    Tertiary  system  in  Burma^ 
by  Dr.  Fritz  NOETLING,  F.G.S.,  Palseontologist^  Geolooical  Survey     . 
of  India,     (With  a  map). 

Historical  Summary. 

In  the  following  summary  of  the  former  geological  work  done  in  Burma,  I  shall 
restrict  myself  to  a  review  of  those  papers  which  deal  with  Lower  and  Upper  Burma, 
that  is  10  say  with  that  part  of  Further  India  which  is  situated  between  the  Shan  iills 
in  the  east  and  the  Arrakan  Yoma  in  the  west,  and  which  {'represents,  properly 
speaking,  the  country  of  Burma.  I  shall  therefore  disregard  all  papers  dealing 
with  the  geology  of  Tenasserim  and  Arrakan. 

Although,  since  the  end  of  the  last  century,  Burma  has  been  visited  by  numerous 
travellers,  who  have  related  their  experiences  in  various  publications,  the  outcome  of 
these  travels  has  been  very  poor,  with  regard  to  the  geological  knowledge  of  the 
country.  This  is  the  more,  remarkable  in  that  Burma  has  been  famous  for  its 
mineral  wealth,  and  nearly  every  traveller  had  in  view  the  enormous  mineral  re- 
sources of  the  country.  The  meagre  results  are  doubtless  due  to  the  want  of 
geological  training  of  most  of  the  travellers,  and  this  in  its  turn  might  again 
account  for  the  legend  of  the  enormous  mineral  wealth  of  Burma. 

Among  the  names  of  those  who  wrots  on  geological  subjects  connected  with 
Burma,  previous  to  the  researches  of  Dr.  Blanford,  Mr.  Fedden,  and  Mr. 
Theobald,  two  only  deserve  mention,  but  they  shine  with  the  greater  brilliancy 
amongst  the  numerous  amateur  attempts  to  deal  with  the  geology  of  Burma :  these 
are  the  names  of  Dr.  Buckland  and  Dr.  Oldham.  ' 

As  early  as  1829,  from  specimens  which  had  been  collected  by  Mr.  Crawford  in 
Upper  Burma,  and  brought  by  him  to  England,  Dr.  Buckland  recognised  the  fol 
lowing  formations  : — ^ 

I.  Alluvinm. 
a   Diiuvimiu 

3.  Fresh- water  marl. 

4.  London-clay  and  calcaire  grossier. 

5.  Plastic  claj  with  its  sands  and  gravel* 

6.  Transition  limestone. 

7.  Grauwacke. 

8.  Primitive  rocks,  marble,  mica  slate. 

Considering  the  state  of  geological  science  at  that  period,  it  Lis  astonishing 
how  accurately  Dr.  Buckland  has  recognized  the  formations  which  occtir  in 
Burma.  It  is  unnecessary  here  to  deal  with  his  groups  6  and  8,  as,  for  the  purposes 
of  this.paper,  we  are  mainly  interested  in  the  younger  formations ;  but,  with  regard 
to  these,  it  must  be  said  that  Dr.  Buckland  has  already  recognized  some  of  the  most 
important  8Ut>-divisions  of  the  Burma  tertiaries.  Had  he  not] been  led  by  a*  mis- 
taken inference  to  suppose  that  the  fossil  bones  were  also  found  in  diluvial  beds 
in  Burma,  he  would,  in  fact,  already  have  fixed  the  great  divisions  into*which  the 
tertiary  rocks  of  Burma  can  be  divided.  If  we  substitute  V*  Upper  Tertiary  "  for 
the  word  "  Diluvium,"  or  if  we  keep  in  mind  the  fact  that  his  diluvium  really  re- 
presents tertiary  strata,  we  shall  see  that  Dr.  Buckland  has]  already  ^sketched  in 

*  Ttansact.  Geolog.  Soc.,  and  series,  1839.  vol.  ii,  p.  377. 
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broad  outlines  the  snb-division  of  a  part  of  the  tertiary  system  in  Burmai  which 
still  holds  good  at  the  present  day.  His  dihivinm  and  fresh-water  marl  represent 
the  two  gronps  into  which  I  have  divided  the  Burma  strata,  viz.^  the  upper  ossifer- 
ous  Irrawaddi  division  and  the  Yenangyoung  division;  the  "  London  clay  "  represents 
the  Pegu  division,  as  is  unmistakeably  proved  by  the  list  of  fossils,  and  if  we  unite  his 
group  No.  5  with  the  London  olay,  the  three  upper  divisions  of  the  Burma  tertiaries 
are  at  once  recognized. 

That  the  nummulitic  formation  was  overlooked  is  easily  explained,  when  we  re- 
member that  its  outcrops  are  only  visible  far  away  inland  at  places  that  Mr.  Craw- 
ford could  not  visit. 

Dr.  Bucklahd  however,  was,  mistaken  in  identifying  a  piece  of  rock  from  Min- 
lindoung  near  Yenangyoung  with  the  ''  Grauwacke"  formation  of  £urope,  as,  no 
such  strata  occur  within  the  neighbourhood  of  Yenangyoung.  particularly  at  the 
said  hill,  which  is  entirely  built  up  of  tertiary  strata* 

It  is  much  to  be  regretted  that  no  opportunity  for  the  study  of  the  geological 
formations  of  Burma  was  afforded  to  Dr.  Oldham,  beyond  those  casual  visits 
ashore,  when  the  necessary  delays  of  a  river  journey  in  those  days  stopped  the  pro- 
gress of  the  mission  to  Ava.  Otherwise  that  acute  and  careful  observer  would  have 
been  able  to  give  us  a  more  detailed  account  of  the  geology  of  Burma,  than  that  to 
be  found  in  his  notes  on  the  "  Geological  features  of  the  banks  of  the  Irrawaddi,  etc."^ 
As  it  is.  Dr.  Oldham  was  obliged  to  give  his  observations  in  the  form  of  a  narralive, 
which,  although  full  of  lucid  and  detailed  observations,  renders  it  very  diffiqult  to 
follow  the  author's  opinion  as  to  the  division  of  the  groups  he  has  noticed.  Dr« 
Oldham  expresses  his  opinion  that  the  rocks  of  the  area  within  which  the  oilfields  of 
Yenangyoung  are  situated  belong  to  the  tertiary  system,  but  probably  owing  to  lack 
of  time  he  does  pot  go  into  the  subject  of  the  division  or  correlation  of  these  tertiary 
beds. 

It  was  not  until  after  the  researches  of  Dr.  Blandford,  Mr.  Feddea  and  Mr.  Theo- 
bald in  Lower  Burma,  that  anything  like  a  sub-division  of  the  tertiary  system  wi^s 
attempted.  Mr.  Theobald,  who  has  embodied  the  results  of  his  own  resesgrches  and 
those  of  his  two  colleagues  in  his  interesting  memoir  on  the  Geology  of  Pegu,'  pro- 
poses the  following  sub-division  for  the  Tertiary  rocks  of  Lower  Burma : — 

Younger  Tertiary  j^-'Jlj^^^PO-P- 
Older  Tertiary     •     Nummulitic  group. 

Of  these  the  Nummulitic  group  is  considered  as  correlative  with  the  Eocene  of 
Europe,  while  the  Pegu  group  represents  the  Miocene;  the  "  Fossil  wood  group " 
represents  the  Pliocene,  but  Mr.  Theobald  leaves  it  an  open  question  as  to 
whether  strata  of  probably  Post-Pliocene  age  are  not  perhaps  also  represented  in 
the  *•  Fossil  wood  group." 

We  shall  presently  see  that  Mr.  Theobald  has  quite  correctly  recogBieed  thf  prin- 
cipal divisions  of  the  tertiary  rocks  in  Burma,  and  although  he  may  have  failed 
in  the  accurate  delimitation  of  these  groups,  it  is  well  to  state  at  once  Uiat  these 
three  sub-divisions  are  also  recognizable  in  Upper  Burma.  Where  Mr.  Theobald's 
division  is  chiefly  defective  is  with  regard  to  the  Lower  Tertiary.  Subsequent 
researches  have  proved  that  the  "  Axial  group"  (which  Mr.  Theobald  has,  on  the 

*  Yule:  Narrative  of  a  mission  to  the  Court  of  Ava  in  1855.     Appendix  A,  p.  307. 
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Metigth  of  a  misinterpreted  fossil,  regarded  as  ot  Triassic  age)  must  either  be 
iHcliidtd  in  the  tertiary  system,  of  which  it  represents  the  lowest  division ;  or 
ttiiglit  probably  form  the  highest  beds  of  the  cretaceous  system.  Now,  anyone 
acquainted  with  the  country  in  which  the ''  AxiaV  formation  is  chiefly  developed,  will 
leadily  understand  the  difficulty  of  accurate  observation  in  such  a  jungly  country 
as  the  Anakan  Yoma.  In  fact,  the  question  of  the  age  of  the  "  Axial  group*'  is  not 
qoite  settled  yet.  All  we  know  is  that  it  does  not  belong  to  the  Triassic  sysUm  : 
this  may  be  considered  as  certain,  but  whether  it  represents  the  lowest  tertiary  or 
the  topmost  cretaceous  strata,  is  a  question  which  still  requires  careful  investi- 
gation.  In  the  following  pages  I  have  provisionally  accepted  the  view  of  the 
tertiary  age  of  the  "  Axial  group,"  but  I  wish  to  state  at  once  that  by  no  means  do 
1  consider  this  question  as  decided. 

The  same  applies  to  Mr.  Theobald's  Negrais  rocks,  which  are  probably  only 
metamorphosed  Eocene  beds.  But  not  having  seen  these  beds  I  am  unable  t9 
express  my  views  as  to  their  appearance. 

Mr.  Theobald  has  sub-divided  both  the  Pegu  and  the  Fossil  wOod  groups,  the 
first  into  two,  the  second  into  .three  sub-divisions  ;  but  none  of  these  can,  to  judge 
bom  our  present  experience,  claim  more  than  a  local  importance. 

In  the  following  division  of  the  Tertiary  rocks  in  Burma,  I  have  attempted  to 
combine  Mr.  Theobald's  observations  with  my  own  in  Upper  Burma,  and  I  trust 
that  I  may  have  at  least  succeeded  in  fixing  the  outlines  of  groups  therein  repre- 
sented. But  years  and  years  of  patient  labour  will  elapse  before  we  can  arrive  at 
anything  like  a  definite  idea  of  the  finer  details.  If  in  the  following  pages  the 
Upper  Tertiary  is  more  explicitly  dealt  with,  this  is  not  because  it  is  of  much 
more  importance  than  the  Lower  Tertiary,  but  because  my  work  brought  me  chiefly 
in  touch  with  the  Upper  Tertiary. 

Division  op  the  Tertiary  Rocks  of  Upper  Burma. 

Wherever  a  complete  series  of  the  tertiary  beds  is  developed  in  Upper  Burma, 
we  can,  with,  the  greatest  ease,  recognize  and  distinguish  two  groups,  which  differ 
widely  in  the  character  of  the  fauna  they  contain. 

The  lower  group  is  characterised  by  a  marine  fauna,  which  is  entirely  free  from 
any  teirestfial  or  fluviatile  elements  in  the  lower  part,  but  locally  shows  a  slight 
foreign  element  by  the  admixture  of  rolled  fragments  of  teirestrial  animals  in  its 
o(^r  beds. 

The  upper  group  contains  chiefly  remains  Of  ternsirial  animals^  mixed  with 
such  forms  as,  according  to  the  habits  of  their  presient  representatives,  must  have 
led  an  aquatic  life. 

Hand  in  hand  with  this  wide  difference  in  the  palaeontological  characters  goes 
a  distinct  change  in  the  features  of  the  sediments.  Dark  bluish  and  grey  colours 
characterise  those  of  the  lower,  and  yellow,  olive-green  and  red  those  of  the  upper 
group. 

Notwithstanding  this  wide  difference  between  the  two  groups,  it  seems  as  if  the 
upper  rests  conformably  on  the  lower,  although  there  exist  no  passage  beds  between 
the  two, — a  fact  which  must  not  be  overlooked.  I  therefore  divide  the  Burina 
tertiaries  into  two  sub-divisions,  tiz  :--- 

a.  Upper  Tertiaries  or  Burma  seriet. 

I.  Lower  Tertiaries  or  Arralcan  series. 
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For  the  lower  division  1  suggest  the  name  of  Arrakan  j^rw,  owing  to  its  chiel 
development  in  the  Arrakan  Yoraa ;  the  upper  one  may  be  called  the  Surma 
series^  because  it  is  chiefly  developed  in  the  broad  depression  between  Arrakan 
Yoma  in  the  west  and  Shan  hills  in  the  east,  which  forms  the  country  of  Burma 
proper, 

1.  Arrakan  Skrik?. 

The  Arrakan  series  can  again  be  sub-divided  into  three  groups*  which  palason* 
tologicallj,  as  well  as  lithologically  exhibit  considerable  differences. 

The  lowest  of  these  groups  is  very  little  kno«n;  in  fact,  we  may  say  we  know 
nothing  with  regard  to  its  palaeontological  features. 

The  middle  group  is  characterised  by  the  abundance  of  Nummuliits ;  while  the 
chief  feature  of  the  upper  group  is  the  total  absence  of  this  genus.  Lithologically 
the  two  lower  groups  are  characterised  by  shales  and  limestones,  while,  in  the 
upper,  sandstones  predominate  to  the  nearly  total  exclusion  of  other  rocks.  For 
the  lowest  group  I  suggest  the  name  Chxn  division,  while  for  the  middle  and  upper 
one  Mr.  Theobald's  names  Nummulitic  division  and  Pegu  division  may  be  retained.* 

I.  The  Chin  Divisiok. 

Only  the  bare  outlines  of  the  features  of  this  group  can  be  laid  down  up  to  the 
present,  it  being  one  of  the  least  known  members  of  the  Burma  tertiaries.  I  am 
nearly  certain  that  subsequent  discoveries  will  essentially  modify  the  views  heitt 
expressed.  So  far  as  I  am  able  to  say  for  the  present,  the  following  are  the  features 
of  this  group. 

Lithologically,  flysch-like  shales,  and  hard  limestones  are  the  predominating 
rocks.  It  seems  as  if  the  shales  almost  exclusively  occupied  the  lower  part  of  the 
group,  and  were  followed  by  the  limestones. 

Not  even  the  approximate  thickness  of  the  shales  can  be  given,  but  it  may 
aafely  be  supposed  that  it  was  considerable.  So  far  as  it  is  known,  the  central  part 
of  the  Arrakan  Yoma  is  chiefly  built  up  ef  these  shales,  where  they  form,  particularly 
in  the  Chin  country,  numerous  parallel  ridges  rising  to  over  7,000  feet  above  sea 
level.  No  fossils  have  been  discovered  for  the  present  in  these  shales,  but  this 
by  no  means  proves  that  they  are  unfossiliferous. 

Jilr.  Theobald's  so-called  "Axial  group"  of  the  southern  part  of  the  Arrakan 
Yoma,  which  he  considered  of  Iriassic  age,  represents  in  a  broad  sense  these 
shales,  and  it  is  chiefly  due  to  the  observations  of  Mr.  Griesbach,  who  examined  a 
part  of  the  Arrakan  Yoma,  where  the  Axial  grotip  was  supposed  to  be  present,  that 
we  know  that  it  belongs  to  the  tertiary  system,  and  probably  forms  its  lowest 
part.  It  requires,  however,  a  long  and  careful  examination  before  more  can  be  said 
about  the  Chin-shales,  an  examination  which  will  be  extremely  difficult  in  a  country 
like  the  Arrakan  Y  oma,  which  is  covered  with  almost  impenetrable  virgin  forest. 

a.  Thb  Nummulitic  Division. 

We  know  a  little  more  about  the  middle  part  of  the  Arrakan  series,  although 
this  knowledge  is  very  scanty.  According  to  M; .  Theobald,  the  total  thickness  of  th« 
Nummulitic  or  Eocene  groups  as  he  calls  this  subdivision,  is  1,223  feet,  but  to  judge 
from  the  table  given  on  page  100  of  his  Memoir,  it  is  quite  certain  that  he  has  included 
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&t  least  2S7  feet  mere,  probably  about  500  feet  of  shales,  which  probably  should 
be  ikielucled  ih  the  Chin  shales.  However,  this  is  a  matter  which  can  only  be  de- 
cided by  actual  observation  in  the  field. 

According  to  Mr.  Theobald,  the  lower  part  of  the  nummulitic  division  consists  of 
shales  and  sandstones,  occasionally  fossiliferous,  capped  by  a  bed  of  highly 
fossiliferous  nummulitic  limestone,  of  only  10  feel  in  thickness. 

Although  I  have  no  doubt  as  to  the  correctness  of  this  observation,  it  is  quite 
certain  that  in  a  northern  direction  the  limestone  increases  in  thickness  and  import- 
ance,  at  the  expense  of  the  arenaceous  beds.  However,  this  is  a  matter  which 
must  be  left  to  the  future  to  decide. 

The  fauna  discovered  in  this  group,  for  which  we  may  for  the  present  retain  the 
name  Nuvimulitic  division,  is  a  rich  one,  but  we  know  absolutely  nothing  as  to  its  re- 
lationship, because 'owing  to  more  pressinir  work,  none  of  my  predecessors  have 
undertaken  the  task  of  studying  it.  All  that  we  know  at  present  is  that  it  contains 
nnmerons  species  of  the  genus  NummuliUs,  and,  in  a  bed  which  most  probably 
belong^s  to  the  upper  part  of  the  series,  the  well- known  Eocene  species,  Velaies 
schmideliana,  Chem.  sp.  As  I  have  pointed  out  in  the  paper,  in  which  I  described 
the  occurrence  of  this  species,  ^  we  may  infer  from  the  limited  vertical  distribution  of 
this  species,  cot  only  in  Europe,  but  also  in  Westera  India,  that  the  stratum  in  which 
it  was  U)niid  in  Burma  belpngs  to  the  Eocene  system,  and  must  most  probably  be 
considered  as  correlative  to  the  Khirthar  group  of  Western  India. 

The  occurrence  of  the  genus  Nummulitea  together  with  the  typical  Eocene  species, 
Velaies  schmtdeliana,  Chemn.  sp.,  leaves,  therefore,  not  the  slightest  doubt  that  this 
part  of  the  Arrakan  series  must  be  considered  .as  of  Eocene  age,  having  in  the 
Khirthar  group  \\s  correlative  in  Western  India.  The  lower  Tertiaries  would  there- 
fore be  subdivided  as  follows  :— 

1.  Upper  Eocene:  Nummulitic  division^ 

Shales  and  limestones  containing  a  rich  fauna  of   typical 
eocene  form.Hy 

2.  Lower  Eocene  (?)  :  Chin  shalts. 

Shales  predominate  and  have  not  yielded  nny  fossils  up    to 
the  present  time. 

As  regards  the  distribution  of  the  two  sub-divisions  of  the  Eocene  rocks  in  Burma 
it  is  practically  such  that  the  Chin-shales  cover  a  much  wider  area  than  the  num- 
mulitic division,  which,  so  far  as  our  present.knowledge  goes,  forms  only  a  compara* 
lively  narrow  band  along  the  outskirts  of  the  Arrakan  Yoma. 

In  conclpsioii,  however,  I  wrsh  particularly  to  point  out  that  all  that  I  have 
said  above  reg^rdin^  the  subdivision  of  the  Lower  Arrakan  series  must  be  con- 
sidered as  preliminary.  I  .myself  have  only  very  rarely  had  occasion  to  observe  it, 
and  the  above  remarks  are  chiefly  based  on  Mr.  Theobald's  observations,  as  they 
fippear  in  the  light  of  the  later  researches,  particularly  those  by  Mr.  Griesbach  and 
myself,  I  need  hardly  add  that  it  will  require  years  and  years  of  careful  labour  in 
the  field,  as  well  as  in  the  museum,  before  we  arrive  at  anything  like  a  clear  con- 
ception of  the  development  of  the  Eocene  rocks  in  Burma. 

3,  The  Pegu  division. 
The  name  *'  Pegu  group  "  was  proposed  by  Mr.  Theobald  '*  for  a  very  important 
'  Records,  Geological  Survey  of  India,  1894,  vol.  xxvii,  page  103. 
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^ries  of  beds  intervening  between  the  Eocene  or  nummnlitic  division  on  the  one 
hand,  and  the  fossil  wood  division  on  the  other." 

The  above  definition  of  the  Pegu  division  would  be  a  very  clear  and  concise 
one,  if  Mr.  Theobald  had  more  accurately  defined  the  lowet  boundary  of  his  "fossil 
wood  group."  As  it  is,  the  boundaries  of  the  "  fossil  wood  group  "  are  very  uncertain 
and  thus  the  upper  limit  of  the  Pegu  division  is  very  ill-defined. 

I  propose  to  apply  the  name  of  Pegu  division  to  that  series  of  beds,  which  are 
between  the  Eocene  rocks— characterised  by  their  peculiar  marine  fauna — and  the 
Ifiawaddi  division — characterised  by  its  peculiar  terrestrial  fauna. 

In  the  above  definition,  the  Pegu  division  constitutes  a  very  well  circumscribed 
series  of  beds,  which  are  characterised  as  follows  :— 

The  fauna  is  of  a  marine  type  throughout,  but  the  genus  Nummulites  is  entirely 
absent.  Towards  the  upper  limit  rolled  fragments  of  terrestrial  animals  are,  in  one 
place  at  least,  mixed  widi  a  purely  marine  fauna  \  lithologically,  sandstones  of  pepper 
and  salt  colour  are  predominant,  while  blue  clays  are  more  subordinate. 

The  above  features  are  so  well  defined  wherever  the  Pegu-division  occurs  in 
Upper  Burma,  that  it  is  not  easy  to  mistake  it,  although  it  varies  locally  a  good 
deal,  as  may  be  expected  in  a  series  chiefly  composed  of  sandstones  and  clays ;  so 
that  it  is  frequently  very  diflScuIt  to  correlate  the  local  developments  of  the 
Pegu  division  at  different  localities  in  Burma.  In  fact  the  local  developments 
differ  so  widely  that  even  at  places  close  to  each  other,  such  as  Minbu,  Yenangyoung, 
Yenangyat  it  is  extremely  difficult,  if  not  impossible,  to  correlate  the  single  strata 
composing  the  sections  at  the  different  localities.  The  difliculty  increases  of 
course  with  the  distance,  and  years  will  lapse  before  th<^  relations  of  this  division  in 
Lower  and  Upper  Burma  are  sufficiently  studied.  We  know,  however,  for  the 
present  enough  of  the  development  of  this  group  to  enable  us  to  give  some  more 
details.  The  Pegu  division  may  be  conveniently  separated  into  two  sab-divisions,  for 
the  lower  of  which  I  propose  the  name  of  Promt  stage  owing  to  its  chief  development 
in  the  neighbourhood  of  that  town,  while  for  the  upper  one  the  name  of  Yinang- 
young  stage  13  suggested. 

A.— Prom B  Staob. 

0.  Thickness. 

Mr.  Theobald  describes  a  section  of  this  stage  near  Prome,  measuring  1,950 
feet  in  thickness ;  but  he  adds  that  this  apparently  does  not  represent  the  total  thick- 
ness. Although,  if  I  interpret  his  views  correctly,  he  does  not  think  that  the  total 
thickness  is  very  milch  greater. 

At  Yenangyoting  the  drill  has  gone  through  rocks  of  the  Prome  stage  up  to  a 
depth  of  1,000  feet  without  api)arently  touching  their  base. 

At  Yenangyat  it  is  known  partly  by  surface  outcrops,  partly  by  borings,  to  have 
a  thickness  jof  not  less  than  1,100  feet. 

On  the  right  bank  of  the  Chin d win  between  the  Kale  and  Yu  river^  I  estimated  its 
thickness  at  about  5, 1 00  feet.  In  this  part  of  the  country  I  must  have  been  pretty  close 
to  the  base,  although  the  actual  contact  between  the  upper  Eocene  and  the  lower 
beds  of  the  Prome  stage  was  not  observed,  but  numerous  pebbles  containing  Eocene 
fc->sils  indicated  the  proxiin^y  of  the  Eocene  beds. 
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If  therefore  we  estimate  the  total  thickness  of  the  Prome  stage   at  somethiDg 
like  5,000  feet,  I  think  we  shall  not  be  very  far  off  the  mark 


b.  Lithological  characters^ 

The  chief  constituents  of  the  Prome  stage  are  sandstones  and  clays,  the  latter  are 
however  much  subordinate  to  the  former ;  still  more  subordinate  are  coal  seams  and 
ferraginons  clays  ;  locally  the  sandstones  contain  petroleum,  and,  at  isolated  places, 
the  fossil  resin,  burroite.  The  sandstone  is  very  uniform  in  character,  it  is  finely 
grained,  of  a  greyish  colour,  which  may  best  be  styled  "  pepper  and  salt  colour." 
Sometimes  the  sandstone  is  very  soft,  other  beds  are  more  siliceous,  and  therefore 
harder.  When  exposed,  these  beds  disintegrate  into  rather  regular  lumps,  whic^ 
retain  for  a  long  time  their  original  position,  before  they  fall  to  pieces.  Such  beds 
which  resemble  the  pavement,  may  frequently  be  seen  between  Thayetmyo  and 
Prome,  or  on  the  Upper  Chindwin. 

The  clay  is  also  of  very  uniform  character,  being  generally  a  very  tough  cluncb 
of  bluish  colour. 

Sandstone  and  clay  alternate  in  beds  of  various  thickness;  frequently,  as  for 
instance  near  Yenangyoung,  beds  of  clay  as  thin  as  paper  may  alternate  with  similar 
beds  of  sandstone,  while  at  other  places,  as  lor  instance  in  the  Uppo'  Chindwin 
district,  the  sandstone  forms  a  continuous  bed  of  s&veral  hundred  feet  in  thickness* 
The  clay  beds  may  also  attain  a  considerable  thickness,  but  I  nevef  found  that 
they  equalled  the  sandstone  in  this  respect. 

The  coal  seams  are  generally  of  small  thickness,  the  thickest  known  to  me 
is  a  seam  of  10  feet,  cropping  out  in  the  ravine  of  the  Nantahinchonng  in  the  Upper 
Chindwin  district ;  generally  they  are  between  i  and  2  feet  in  thickness^  It  would 
exceed  the  limits  of  this  paper  were  I  to  dwell  in  detail  on  the  oeeurence  of  the  coal 
in  Upper  and  Lower  Burma ;  those  interested  in  its  occurence  will  find  ampin 
information  in  the  papers  cited  below.  ^ 

It  seems,  however,  that  in  the  Chindwin  district  the  coal  seams  are  re- 
stricted to  the  lower  part  of  the  Prome  stage,  but  to  judge  from  othe? 
localities  such  as  Kabwet,  Wuntho  or  Thayetmyo  some  seams  of  inferior  quality 
also  occur  in  the  upper  parts. 

As  the  occurrence  of  the  petroleum  will  be  dealt  with  in  a  special  memoh*,  which 
will  shortly  be  ppblistied,  it  is  needless  to  go  into  details.  All  that  may  be  said 
is,  that  it  {appears  that  the  petroleum  chiefly  occurs  in  the  upper  parts  of  the  Prome 

>  Oldham  t  Memorandum  on  the  coal  found  near  Thayetmyo  on  the  Irrawaddi  river. 
Selections  from  the  Records  of  the  Government  of  India,  Home  Department  No.  X, 
page  99,1856.     Reprinted  in  paper*  on  Burma,  issued  by  the  Geological  Survey. 

Oldham,  in   Yule's  Narrative  of  a  Mission  to  tha  Court  of  Ava,  Appendix  A.,  page  330. 

Jones :  Motes  on  Upper  dnrma :  Records  of  the  Geological  Survey  of  lodia«  Vol*  XXt 
Part  n,  1887,  page  185. 

Moeding :  Memoir  on  the  Oppe^  Chindwin  Coal-fields,  1889. 

NoetUng :  Report  on  the  coal-fields  in  the  P^ofthern  Shan  States  :  Rscords  of  the 
Geological  Survey  of  India,  1891,  VoU  XXI V«  page  99. 

Noetling :  Note  on  the  Geology,  of  Wuncho  in  Upper  Burma :  Records,  Geological 
Survey  of  India,  Vol.  XXVII,  page  119. 
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stage,  but  that  it  is  unquestionable  that  small  quantiUes  are  also  found  in  the 
lower  parts. 

The  occurrence  of  the  fossil  resin,  bufmite,  the  famous  amber  ot  Burma,  has 
been  described  by  me  in  a  spscial  paper.*  Dr.  Helm  *  has  devoted  two  papers 
to  the  chemical  properties  of  this  fossil  resin,  which,  according  to  him,  is  distinctly 
different  from  the  real  amber  or  succinite.* 

c,  PalcBontologicai  characters. 
Although  the  rich  fauna  which  Messrs.    Theobald  and   Fedden  coMected  in 
the  Pegu  division  of  Lower  Burma  still  waits  to  be  described,  the  examination  of  the 
fauna  discovered  in  the  petroleum-bearing  strata  of  Yenangyat  has  shed  so  much 
light  on  the  age  of  the  Prome  stage  that  we  can  now  classify  it  definitely  in  the 
sequence  of  the    tertiary  beds  without  being  obliged   to   have    recourse  to  an 
indirect  method.      The  information  recently  obtained    by  the  deep  borings  at 
Yenangyat,    has  proved  that  the  fauna  which  1  have  described  ♦  from  this  place 
comes  from  the  petroliferous  sandstone  at   the  top  of  the  Prome  stage.    The 
following  species  have  been  observed : — 
I.  Paraeyathus  eaeruUus,  Duncan, 
a.  Eupsammia  tegalis,  Alcock. 

3.  Ostreatp 

4.  Fetten  ef.  favrn^  d'Arch  &  Haime. 

5.  Daphoderma  ealata,  i^eeve. 

6.  Sucula  alcoeki  Noetling. 

7.  Astarie  (?)  dubia,  Noetling. 

8.  Venus  ef.  sealariSt  Bronn. 

9.  Tellina  {Tellfmlla)  hillu  Noet.ing. 
to.  Tellina  kingi,  Noetling. 

II.  Solenep, 

I  a  Corbula  karpa,  d^Arch.  &   Haime.* 

*  On  the  occurrence  of  Burmitein  Upper  Burma  :  Records,  Geological  Survey  of  India, 
1893,  vol.  xzvi,  page3i. 

*  Note  on  a  new  fossil  amber-like  resin  occurring  in  Burma  :  Records,  Geological  Survey 
of  India,  1893,  vol.  xxv,  page  iSo 

Further  Note  on  Bur  mite,  a  new  amber-like  fossil  resin  from  Upper  Burma,  Records, 
Geological  Survey  of  India,  189.T,  vol.  xxvi,  page  61  • 

*  It  may  here  not  be  quite  out  of  plac<*  to  correct  a  mistake  with  rt'gard  to  the  age  of 
certain  coal  seams  occurring  in  Tenasserim.  Mr.  OKiham  in  the  Manual  of  India,  3nd  editiooi 
page  297,  expresses  his  view,  that  as  the  coal  contains  small  nodules  of  a  resinous  mineral  like 
amber,  these  coal  fcams  were  of  cretaceous  age,  because  in  the  Assam  hills  the  mineral  resin 
is  characteristic  of  the  cretaceous  coals.  If  any  inference  regarding  the  age  were  admit* 
sible  from  the  association  of  fossil  resin  and  coal,  it  could  only  be  one,  and  that  is  thai 
the  coal  seams  are  of  miccene  age,  because  everywhere  in  Upper  Burma  the  fossil  reain  it 
found  in  strata  belonging  to  the  Prome  stage,  which  is  of  distinctly  miocene  age. 

^  Memoirs,  Geological  Survey  of  India,  vol.  XVII,  Part  I. 

'  It  may  be  remarked  here  that  the  species  which  I  determined  at  Cofbnla  karpa 
d' Archiac  and  Haime  is  really  different  from  that  tpecies,  although  this  could  not  be  recognised 
at  the  time  owing  to  the  rather  deficient  figure  of  Messrs.  d'Archiac  and  Haime.  The  recent 
examination  of  the  Corbula  karpa  d'Arch.  and  Haime  from  Sind  has  proved  that  notwithstanding 
the  great  similarity  of  the  right  valve,  it  materially  differs  from  the  Burma  species  by  the 
sculpture  of  the  left  valve  ;  Corbula  karpa  d'Arch.  and  Haime  from  Burma  must  therefore  be 
cancelled,  and  a  new  name  sobstituted  for  it.  My  remarks  on  page  4  of  the  abovenamed 
memoiri  have  therefore  been  fully  borne  oat  by  the  facts,  rnd  one  anomaly  of  the  otherwise 
truly  miocene  fanna  has  disappeared. 
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13.  Troohua  buJdka,  Noettiftg. 

14.  TroehuB  bUm/ordi,  Noetling. 

15.  Solarium  affine  Sow. 

16.  Discohelitc  minuia,  Noetling. 

17.  Turritella  afinis^  d'Arch.  &  H.iime. 

18.  Siliquaria  9p. 

19.  Calyptraea  tugosa,  Noetling. 

20.  Natiea  obseura.  Sow. 

21.  Natiea  callosot  Sow. 

2a.  Sigatetus  c/.  ticostaius^  Sow. 

23.  Aporthttis  5p. 

24.  CypTita  grant!,  d'Arch.  &  Haime. 

25.  Trivia  tmithi^  K.  Martin. 

26.  Cassidaria  dubia,  Noetiins^. 

27.  Cassidaria  minbuensiSf  Noetling.  * 
2a  Ficula  theabaldi,  Noetling. 

29.  Triton  parJalis,  Noetling. 

30.  Ranella  tubercufaris,  Liimark. 

31.  Nassa  eautUyi,  d* Arch  &  Hairne. 

32.  Clavtlta  dfoedjocarta,  K.  Martin. 

33.  Faseiolaria  nodoutsa.  Sower  by 
34  Faseiolaria  fed deni,  Noetling. 
35.  Afutex  (Murietdea)  s  -». 

36   iiuirx  tschihatsehtffi,  d'Arch  5t  Ha»me. 

37.  Afuffx  arrakanensit,  Noetling. 

38.  I'oluta  dentata,  Sowerby. 

39.  Oliva  djoedjoeartm  K.  Martin. 

40.  Cancillaria  caneellata,  Lam. 

41.  Rapam*  sp.- 

42.  Terebta  fuseata^  Brocchi. 

43.  Heurotoma  (Drilliu)  interrupta,  Laniark. 

44.  Pleurofoma  yenantnsisy  Noctline. 

45.  Conus  {Rkiaoeonus)  mallaeanus,  Hwass. 

46.  Cunus  (Leptoconus)  margina  us,  Sowerby. 

47.  Balanus  sublaevist  Sowerby. 

48.  Callianassa  sp. 

49.  Pa  gurus  »p, 

50.  I.amna  sp.  •  . 

51.  Galeae erdo  sp. 

52.  Carcharias  (Prionodon)  sp. 

Out  of  a  total  of  52  species,  48  were  specifically  determined,  but  amen?  these 
there  are  three  species  which  could  only  be,  with  some  douht,  referred  to  previously 
known  species.  There  remain  therefore  38  species,  which  are  sufficiently  well 
determined  to  allow -of  geological  conclusions  being  drawn  from  them  Out  of 
these  38  species,  15  have  been  recognized  as  new,  while  the  balance  of  aj  species 
could  be  identified  with  species  previously  described,  but  as  the  species  rderred 
to  Coriula  harpa,  from  western  India,  cannot  be  considered  as  identical  with  this 
species,  the  figures  therefore  now  stand  as  follows  :— 

New  species  •         .         .         16  ' 

Previcusly  desrribei  speciVs  22 

The  geological  distribution  of  these  aa  species  is  as  folio .vs  :— 
Recent,  but  not  previously  known  in  fossil  state. 

I.  Para^atkut  eatuUut,  Duncan. 

3.  Bupsammia  ttgatU,  Alcock. 
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Nari  group — 

I.  Daphodttma  eafaia,  Reeve  (Af^  bmrmsi^  d'Arch,  and  Haime). 
a.  Solatiu  m  affime,  Sowerby. 

3.  TuTfitiUa  afinis,  Sow. 

4.  Cyptma  gtanti^  d'Arch.  &  Haime. 

5.  Valuta  eUniata,  Sowerby. 

Gaj  group — 

I.  Daphodftma  imUta,  Reeve  {Area  burneHf  d'Arch.  k  Ha  tne)« 
fl.  Natica  obCMura,  Sow. 

3.  Nassa  eautUyi,  d*Arch.  &  Hatme. 

4.  BalaHui  tublavis,  Sow. 

Older  Tertiary— 

1.  Daphcdwrma  ealaia,  Reeve. 

2.  PoMCiolariM  nodulota  Sowerby. 

Of  uncertain  horizon  are — 

I.  Natiea  eallosa,  Sowerby. 

0.  Mufes  isekihaiMekffi,  d'Arch.  h  Haime. 

3.  Conut  {Leptpconus)  matginaius,  Sow. 

In  the  Miocene  of  Java  have  been  found — 

1.  Trivia  Mmiihi,  K.  Martin. 

3.  Cla^illa  djocdjocarta,  EC.  Martin. 

3.  OHva  dfocdjoeariat  K,  Martin. 

4.  Caneallaria  eancellata^  Lam. 

5.  PUurotema  inUtfupta^  Lam. 

6.  C0nu9  {HhiBoeonus)  maliatanus,  Hwass. 

From  the  above  list  it  is  evident  that  the  fauna  cannot  be  older  than  of  Miocene 
age  :  only  two  species  could  be  identified,  which  occur  in  the  older  tertiary  beds 
of  India  :  one  of  these,  however,  also  ascends  into  higher  groups,  in  fact,   it  is  still 
living  in  the  Indian  Ocean.    The  geological  horizon  of  three  species  is  unknown, 
and  we  may  therefore  disregard  them  for  the  moment.    Out  of  the  remaining 
species- 
Two  are  recent  and  atft  previomly  known  in  a  foMil  atato. 
Five  range  from  the  Miocene  to  the  present  day. 
Three  have  been  found  in  the  Miocene  of  Java. 
Poor  have  been  fonnd  in  the  Narl  group  of  Western  India. 
Three  have  been  foond  in  the  Gaj  group  of  Western  India.  - 

As  out  of  a  total  of  17  species,  7,  that  is  to  say  nearly  50%  are  still  living,  we 
are  therefore  justified  in  assuming  a  miocene  age  for  the  beds  which  have  yielded 
this  fauna..  It  only  remains  to  be  seen  whether  the  fauna  bears  a  greater  resem- 
blance to  the  Gaj  or  to  the  Nari  group  of  Western  India.  The  evidence  in  this 
regard  is  very  meagre,  in  fact  it  would  be  rather  rash  to  form  a  final  conclusion,  but 
from  the  fact  that  the  species  from  Java  have  been  found  in  beds  which  are 
considered  as  of  the  same  age  as  the  Gaj  group,  I  feel  inclined  to  consider  the 
fauna  of  the  Prome  stage  as  correlative  to  the  Gaj  group  of  Western  India* 
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d.  facial  dnfilopmntt  oftht  Promt  stage. 

In  studying  the  development  of  this  stage,  particularly  in  tJppef  Burma,  it  is  at 
once  obvious  that,  notwithstanding  the  purely  marine  character  of  the  fauna,  some 
beds,  which  mnst  be  Considered  as  homotaxial  to  the  former,  were  either  deposited 
in  estuaries  or  at  no  great  distance  from  the  coast. 

For  instance,  at  Yenangyoung,  a  well,  which  had  reached  a  depth  of  156  feet 
foom  the  surface,  and  which  had,  in  the  light  of  the  information  recently  obtained, 
passed  through  the  ist  and  and  petroliferous  sands,  a  highly  fossiliferous  conglo- 
merate of  about  6  inches  in  thickness  was  discovered  in  which  I  collected  the 
following  speciea  :— 

f .  CoralUum,  gen,  di9  \  one  closely  related  to  Paracyatkut  ctsruleus^  Dune. 
a.  Teredo  sp. 

3.  Venus  &p. 

4.  Cardium  sp« 

5.  Area  sp. 

6.  PfCten  cf.  favtei,  d'Arch  &  Haime. 

7.  Gatttopoda^  gen.  dl'o. 

The  invertebrata  are  all  very  ill-preserved,  in  fact  they  are  either  only  casts  or 
moulds,  the  calcareous  substance  of  the  shell  being  entirely  destroyed  by  sulphuric 
acid,  which  is  represented  by  a  large  quantity  of  iron  pyrites.  The  latter  makes 
the  preservation  of  these  fossils  almost  impossible :  notwithstanding  repeated  coat- 
ings of  varnish,  they  have,  in  the  damp  climate  of  Calcutta,  almost  entirely  crumbled 
la  pieces  with  considerable  efflorescence.  The  vertebrata  have  yielded  the  follow- 
ing list : — 

I.  7r/«M<#t  gen.  div. 

a,  MyliokmHe  sp. 

3.  Odontosis  sp. 

4.  Careharias  sp, 

5.  CMonian  bones. 

6.  Ctocodilu  sp. 

7.  Anielope  tp.  (?) 

8.  Anthraeetktfium  sUitiftMse, 

9.  Rhineeeros  or  Hippofoiamus  sp. 

Besides  the  abovenalned  forms  which  could  be  recognized  with  certaintyt 
tlie  conglomerate  contained  numerous  fragments  of  bones,  which  have  been 
too  much  rolled  to  be  determined.  The  chief  Interest  however  rests  with  the  fact, 
thst  fngments  of  terrestrial  and  estuarine  forms  are  mixed  with  a  purely  marine 
fnnna,  a&d  that  such  a  strangely  composed  fauna  has  been  found  in  strata  between 
the  and  and  3rd  oil-sand  at  Yenangyoung. 

On  the  other  hand,  the  petroliferous  sand  of  Yenangyat,  which  is  peAaps  a  little 
higher  in  the  series,  has  yielded  the  purely  marine  fauna  above  described. 

In  the  Upper  Chindwin  district  the  coal-seams  in  the  lower  part  of  the  Pegu 
division  apparently  indicate  an  estuarine,  or  at  least  a  littoral  deposit,  while  further 
sooth  near  Thayetmyo,  a  purely  marine  fauna  is  found  in  the  lower  portion  of  the 
Prome  stage.  It  seems  to  me,  therefore,  that  not  only  are  beds,  which  are  undoubt- 
edly homotaxial,  partly  marine  and  partly  of  littoral  or  of  estuarine  character,  but 
that  also  owing  to  local  oscillations  these  changes  take  place  in  a  vertical  direction. 
On  the  whole  it  may,  however,  be  said  that  the  marine  character  is  moie  pronounced 
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in  Lower  Burma,  while  the  littoral  or  estuarine  formation  prevails  in  Upper  Burma. 
This  view,  however,  by  no  means  afifects  the  opinion  expressed  above  as  to  ihc  wide 
difference  between  ihe  fauna  of  the  Prome  stage  and  that  of  Ae  Irrawaddi  division, 
nor  does  it  modify  the  conclusions  based  thereon  with  regard  to  the  sub-division 
of  the  Burma  tertiaries. 

e.  Sub-division  of  the  Prome  stage. 

It  is  obvious  that,  under  ihe  circumstances  above  described,  a  general  sub-divi- 
sion of  the  Prome  stage  is  extremely  diflScult,  and  that  those  attempts,  which  have 
so  far  been  made  by  Mr.  Theobald  in  Lower  Burma,  and  by  myself  in  the  Upper 
Chindwin  district  are  of  purely  local  value,  hardly  holding  good  for  more  than 
a  few  miles  around  the  locality  for  which  they  were  made. 

Under  these  circumstances  it  would  be  supeifluous  to  repeat  them  here.  All 
that  can  be  said  is  that,  perhaps,  after  years  of  careful  study,  and  after  an  exhaust- 
ive examination  of  the  fauna,  and  a  most  careful  determination  of  the  fossiliferous 
horizons  in  the  sequence  of  the  series,  it  will,  perhaps,  be  possible  to  arrive  at  a 
general  sub-division  of  the  Prome  stage ;  for  the  present  we  must  be  sati.'-fied  with 
local  sub-divisions,  without  making  any  attempt  at  correlating  their  individual 
members. 

B.— The  Ysnangtoung  stags. 

A  marked  litholqgtcal  difference  distinguishes  the  overlying  series  of  beds 
from  the  Prome  stage.  No  sharper  boundary  can  be  imagined  than  the  con- 
trast  between  the  bluish  tinges  of  the  Prome  stage,  and  the  brown  or  olive-coloured 
beds  of  the  Yenangyoung  stage  at  places  where  the  contact  between  the  two  is 
well  exposed,  as  for  instance  in  the  Oiing-Ban  ravine  between  Kodoung  and 
Twingon.  In  fact,  the  results  of  the  deep  borings  carried  out  at  Twingon  render 
it  utterly  impossible  to  assume  an  absolutely  conformable  superposition  of  the 
Yenangyoung  stage  on  the  Prome  stage.  The  study  of  these  sections  leads  to 
the  assumption  that  a  break  must  exist  between  the  Upper  Prome  beds  and 
the  lower  beds  of  the  Yenangyoung  stage,  at  least  in  the  country  near  Yenang- 
young. On  the  other  hand  it  deserves  to  be  mentioned  that  at  Yenangyat  the 
Yenangyoung  beds  rest  (apparently  with  absolute  conformity)  on  the  Prome  stage. 

Although  there  exists,  therefore,  a  sharp  lithological  difference  between  the 
Prome  stage  and  the  Yenangyoung  stage — a  difference  from  ^vhich  one  would 
rather  feel  inclined  to  consider  the  latter  as  the  ba.sal  beds  of  the  Irrawaddi  division, 
so  great  is  the  lithological  similarity  between  the  two^stili  the  palseontological 
evidence  unquestionably  proves  that  the  Yenangyoung  stage  is  widely  different 
from  the  Irrawaddi  division  and  closely  related  to  the  Prome  stage.  It  must 
therefore  be  included  in  one  series  with  it, 

a.  Thickness. 

At  Yenangyoung  the  beds  composing  the  Yenangyoung  stage  form  a  series 
of  about  I, TOO  feet  in  thickness. 

At  Singu  the  thickness  is  about  700  feet,  but  here  the  whole  series  is  not  com- 
pletely exposed,  and  it  is  impossible  to  t>ay  to  what  depth  it  may  still  extend. 
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At  Yenangjat  the  whole  series  is  again  well  seen  :  its  thickness  at  this  place  is 
about  1 ,200  feet. 

It  18  therefore  tolerably  certain  that,  at  least  in  Central  Burma,  the  Yenangjoang 
stage  is  onlj  of  moderate  thickness  as  compared  with  the  other  groups  composing 
the  Burma  teitiaries. 

b,  Lithological  characters. 

The  chief  constituents  of  the  Yenangyoung  stage  are  soft  clays,  alternating 
with  beds  of  sandstone,  which  may  either  form  thin  hard  bands,  or  thicker  soft 
beds.  The  clay  is  usually  of  olive  colour,  but  in  various  instances,  bluish  tinges, 
particularly  near  Yenangyat,  have  been  observed.  One  involuntarily  imagines  a 
struggle  between  the  bluish  colour  of  the  older  beds  and  the  olive  colour  of  the 
newer  strata ;  there  are  frequent  relapses,  so  to  speak,  to  the  original  bluish  colour, 
till  eventually  the  olive  colour  gets  the  upper  hand  and  bluish  tinges  have  entirely 
disappeared  in  the  Irrawaddi  division.  This  struggle  between  the  two  colours  is 
extremely  well  seen  at  Venangyat,  where,  after  having  made  a  final  efiFort,  the 
bluish  colour  of  the  clay  disappears  with  the  highest  bed  of  the  Yenangyoung  stage. 
The  sandstone  is  usually  very  friable,  and  of  a  yellowish  colour ;  bands  of  hard 
kidney-shaped  or  globular  concretions  occurring  very  frequently. 

A  most  remarkable  feature  is  the  presence  of  gypsum,  which  occurs  frequently 
in  large  crystals  in  the  clayey  beds.  It  is  noticeable  that  no  gypsum  is  found 
either  in  the  lower  Prome  stage  or  in  the  Upper  Irrawaddi  division,  and  in  this 
respect  its  occurrence  forms  an  exceedingly  useful  feature  for  the  recognition  of 
the  Yenangyoung  stage.  One  may  be  almost  certain  to  have  beds  of  the 
Yenangyoung  stage  under  observation  when  the  gypsum  is  noticed. 

c,  PalcBontological  characters. 

Fossils  are  rather  scarce  in  the  Yenangoung  stage,  that  is  to  say,  the  localities 
in  which  they  are  found  are  not  numerous ;  but  when  present  the  fauna  is  usually 
a  rich  one.  So  far  I  have  discovered  three  places  where  fossils  have  been  found, 
and  every  one  of  these  localities  unquestionably  represents  a  different  horizon. 

The  lowest  horizon  is  probably  represented  by  beds  which  contain  a.  very  rich 
fauna  near  Minbu.  In  a  similar  horizion,  fossils  also  occur  at  Yenangyat,  but  I 
never  found  at  this  place  a  bed  where  they  were  recognizable,  being  in  every  case 
mostly  fragments. 

Next  in  the  series  follows  the  Cypricardia  bed  of  Singu. 

The  last  in  the  series  is  the  Batissa  or  Cyrena  bed  containing  countless  numbers 
of  the  two  species  Batissa  {Cyrena)  crawfurdi  and  petroUi.  It  will  be  useful  to 
discuss  the  palseontological  characters  of  each  of  these  beds  sepajrately,  and  eventual- 
ly compare  Uie  whole  of  the  fauna  with  that  of  the  Prome  stage. 

I.   MiNBU-BED. 

The  fauna  of  this  bed,  which  is  well  exposed  at  the  hill,  north  of  the 
mud-volcanoes,  has  been  described  by  me  in  the  memoir  previously  quoted.  So 
far  the  following  species  have  been  found : — 

I.  Paraeyathus  cmruUut,  Ouncaa. 
a.  Ostrgaf  sp,  1. 
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3.  Feei9n  Qi.favr9l^  d'Arcb.  &  Haim^. 

4.  Nueuia  aleoeki,  Noetling. 

5.  Venus  9p, 

6.  Tellina  kingi,  Noetling. 

7.  Corbula  spec,  nov,  * 

8.  Troehus  buddha,  NoetliDg. 

9.  Tfoehus  blan/ordi,  Noetling* 

10.  Solarium  Mffine^  Sowerby. 

1 1.  Solarium  eyelosiomum,  Menke. 

1 3.  Scalar ia  bit  manica,  Noetling. 
l^  Sealaria  irregulariit  Noetling. 

14.  Sealaria  subteHHilamella,  d^Arth.  Si  Haim«r 

15.  Turritella  affinis^  d*Arch.   &  Haime. 

16.  Calyptraa  tugosa^  Noetling. 

17.  Natiea  ohscufa,  Sowerby. 

18.  Natiea  eallosa,  Sowerby. 

19.  Ceriikium  sp. 

20.  Sirombus  nodosus,  Sowerby. 

21.  Cypraa  granti,  d'  Arrh.  and  Haime. 
aa.  Cassis  d*  arckiaci,  Noetling. 

23.  Cassidafia  dubia,  Noetling. 

24.  Cassidaria  miniuensis^  Noetling. 

25.  Triton  (Simpulum)  davidsoni,  d'Arcb.  U  Haime. 

26.  Triton  pardalis,  Noetling. 

27.  Ranella  tubereulatis^  Lamark. 

28.  Nassa  eautUyi^  d'  Arch.  &  Haime. 

29.  Clavella  djotdjoearta^  K.  Martin. 

30.  Fateiolaria  noduloso,  Sowerby. 

31.  Mure*  arrakantnsis,  Noetling. 

32.  Valvar  ia  birmanieat  Noetling. 

33.  Valuta  dentata,  Sowerby. 

34.  Olira  djoedjocarta,  Martin. 

35.  Terebra  fuscata,  Brocchi. 

36.  Pteuretama  voyesi,  d'Arch.  &  Haime. 

37.  Phuroioma  {Drillia)  intarrupta^  Lamark. 

38.  Pleurofoma  yenantnsis^  Noetling. 

39.  Conns  iRhisocomus)  mallueanust  Hwass. 
4a  Balanus  sublaevis,  Sowerby. 

41.  Callianassa  sp. 

42.  Lamna  sp. 

43.  Myliabatts  sp. 

44.  Carcharias  {Ptionodon)  sp- 

The  above  list  shows  that  the  Minbu  bed  contains  nearly  the  same  number  of 
species  as  the  Prome  beds  and  that  out  of  a  total  of  44  species  it  contains  29  species 
which  are  common  to  both  faunas.  So  far  the  forms  peculiar  to  the  Minbu  bed 
are  the  following  :— 

I.  Ostroa  sp.  i. 
3.  Venus  sp. 

3.  Solatium  cylostomumf  Menke. 

4.  Sealaria  birmaniea,  Noetling. 

5.  If        irregularis,  Noetling. 

6.  „        subtenuilamella,  d'  Arch.  &  Haime. 

'  Described  as  Cot  hula  htirpa,  d'Arch.  &  Haime. 
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7.  Cerithium  sp. 

8.  Stromlus  ttodosus^  Sowerby. 

9.  Cassis  d*archiaci,  Noetling. 

10.  Ttiton  {Simpulum)  da^idtonh  d'Arch.  &  Haime. 
ii«  Triton  pardaliSt  Noetling. 

12.  Volvaria  birmanicQ^  Noetling.  . 

13.  Tere bra  fuseata^  ^xocchu 

14.  Pleurotoma  voyesi,  d*  Arch.  &  Haime. 

15.  Myliobaies,  sp. 

Of  these  15  species  4  have  been  only  generally  determined,  4  are  new  forms 
and  the  remainder  of  5  species  have  been  previously  described.  Of  these  the 
tollowing  three  species  are  found  in  the  Gaj  group  : — 

Scalaria  subtenuilamfUa,  d*Arch.  &  Haime. 
Sirombus  nodosus,  Sowerby. 
Triton  (Simpulum)  davidt^oni^  d'Arch.  &  Haime. 
in  the  Nari  group  occur — 

Solarium  cyclosiomutn^  Menke.  • 

Triton  davidsonifd*  Arch.  &  Haime. 

recent  is — 

Sclarium  afinet  Menke. 

of  uncertain  geological  horizon  is — 

Pleurotoma  voyesi,  d*Arch.  &  Haime. 

while  the  last  one — 

Tere  bra  fusca  ta ,  Brocch  i . 
occurs  in  the  Upper  Miocene  of  Europe. 

I  do  not  think  that  the  above  meagre  list  is  in  itself  sufficient  to  decide 
the  question  of  the  age  of  the  Miiibu  bed ;  if  any  inference  could  be  drawn,  it 
would  be  that  it  shows  almost  a  larger  number  of  species  found  in  the  Gaj  group 
of  Western  India  than  the  Yenangyat  fauna.  It  may,  perhaps,  be  possible  that 
its  actual  horizon  is  a  little  lower  down  in  the  series  than  I  have  here  assumed, 
and  that  it  ought  to  be  included  in  the  Prome  stage,  although  this  would  not 
materially  alter  the  views  here  promul^ted  regarding  the  position  and  age  of  the 
Yenangyoung  stage.  I  have  assumed  from  its  position  in  the  series  above  the 
petroliferous  horizon,  which,  so  far  »s  we  know  for  the  present,  seems  to  be  a  very 
excellent  one,  that  it  is  yOMagec  than  the  Yenangyat  fauna ;  but  of  course  it  is 
extremely  difficult,  owin^^  to  the  monotonous  development  of  the  tertiary  strata, 
absolutely  to  correlate  certain  beds  of  two  localities,  which  are  at  some  distance 
from  each  other. 

That  there  e^sts  a  difference  between  the  two  faunas  cannot  be  denied,  if  we 
look  through  the  above  list ;  this  difference  may  only  represent  the  local  variation 
of  one  apd  the  same  fauna,  or  it  may  really  represent  a  difference  in  the  geological 
age  of  the  twd  faunas.  For  the  present  this  question  must  be  left  undecided,  as 
ov^  imperfect  knowledge  of  the  tertiary  fauna  in  Burma  does  not  allow  such  intri- 
cate questions  as  the  above  to  be  settled  ;  but  my  opinion  is,  that  the  Minbu  fauna 
holds  a  position  at  the  base  of  the  Yenangyoung  stage,  and  I  have  therefore 
included  it  in  the  discussion  of  this  group.  Should  it,  however,  eventually  be  found 
better  to  include  the  Minbu-bed  in  the  Pronie  stage,  it  must  not  be  disregarded, 
that  it  ceitainly  occupies  a  higher  horizon  than  the  Yenangyat  beds. 

U  2 


^4  Records  of  the  Geological  Survey  of  India,       [VOK.  XXVlU. 

2.  Cypricardia-hED, 

The  geological  position  of  this  bed  is  much  more  accurately  fixed  with  regard 
to  the  Yenangyat  bed,  than  that  of  the  Minbu  bed.  The  Yenangyoung  stage  has 
been  traced  from  Yenangyat  down  to  Sfngu,  and  it  is  quite  certain  that  at  Singu 
only  the  higher  beds  of  the  Yenangyoung  stage  are  exposed. 

The  Cypricardia  bed  holds  a  position  comparatively  close  to  the  upper  boundary 
of  the  Yenangyoung  stage,  and  it  must  therefore  be  decidedly  younger  than  either 
the  Minbu  or  Yenangyat  fauna.  It  is  an  argillaceous  sandstone  containing 
numerous  lumps  of  hard  clay,  which,  strange  to  say,  are  almost  in  every  case  j)er- 
fectly  riddled  by  the  borings  of  a  Lithodomut.  Its  thickness  is  not  more  than 
6  inches,  but  it  forms  a  most  constant  horizon,  which  can  be  easily  recognized  at 
either  side  of  the  anticline.  It  is  probably  from  this  bed  that  the  late  Dr.  Oldham 
obtained  some  fossils,  when  visiting  Singu  in  1855.^  Unfortunately  this  fauna  has 
not  been  carefully  examined  yet,  because  it  was  only  during  the  field  season  1894- 
95,  that  I  discovered  the  Cypricardia  bed,  but  still  the  knowledge  of  the  species 
occuring  in  the  Yenangyat  and  Minbu  beds  has  enabled  me  to  identify  some 
of  the  species  occurring  in  it,  while  other  forms  were  recognised  as  being  absent 
in  the  abovenamed  beds.  The  entire  character  of  the  fauna  of  the  Cypricardia 
bed  is  totally  difiFerent  from  that  of  either  the  Yenangyat  or  Minbu  beds.  While 
in  the  former  the  Gastropoda  predominate— out  of  a  total  of  69  species,  45 
belonging  to  the  Gastropoda — it  is  certain  that  in  the  Cypricardia  bed  the  Ptlecy- 
poda  predominate  not  only  by  number  of  species,  but  also  by  number  of  indivi- 
duals. The  commonest  forms  are  an  Ostrea  sp.,  Pecten  cf,  favni  d'Arch.  and 
Haime,  and  a  Cypncardia,  besides  ParacyatAus  carulcus,  Duncan.  It  is,  however, 
strange  that,  although  the  Ostrea  sp.  is  the  commonest  form,  not  a  single  well- 
preserved  specimen  lould  be  obtained.  Pfcten  rf.  favrei,  d'Arch.  and  Haime, 
is  always  well-preserved  like  the  other  Pelecypoda,  and  I  dare  say  that  the  question 
whether  it  really  represents  the  Indian  species  can  now  be  settled ;  next  in  fre- 
quency is  a  beautifully  preserved  Cypricardia,  and  an  Avicula,  and  then  comei 
the  easily  recognizable  Paracyaihus  caruUus,  Duncan.  The  following  is  a  pro- 
visional  list  of  the  fossils,  which  1  have  been  able  to  recognize ;  but  I  wish  at  once 
to  sute  that  this  list  is  by  no  means  exhaustive, 

1.  ParaeyaihuM  earuleu*,  Dancan,  ver^  eomcnon. 

a.  Osina,  sp.  apparently  related  to  Ostr^m,  »p.  1,  from  Minbu  ;  very  common. 

3.  Pect9n  cf.  favreif  d'Arch.  and  Haime,  very  comnwjn. 

4.  Modiola,  sp.  i,  rare. 

5.  Modiola,  sp.  a«  rare. 

6.  Lithodomut  sp.,  very  common. 

7.  Avieula  sp.,  very  common. 

8w  Daphodcrma  caelaia,  Reeve  {Area  burntri,  d*Arch.  and  Haime;   con«non). 
9.  Vtnus,  sp.  I,  the  same  as  found  at  Miabu  ;  very  common. 

10.  Venus,  sp.  2,  rare. 

11.  Tetiina  {Tellinella)  hilli,  Noetling;  rare. 

la.  Tellina  ktngi,  Noetling  ;  always  beautifully  preserved,  but  not  common. 

13.  Trochus  Ap.,  cf.  blanfordi,  Noetling;  common. 

14.  Solarium  affine,  Sow.;  rare. 

'  Yule,  mission  to  the  Court  of  Ava,  p.  27,  and  Appendix  A,  page,  319. 
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15.  Contu  {RktBoeonus)  mallaeanus,  Hwass  ;  rare. 

16.  CoHUs  (Lepioeonus)  morginaius,  Sowerby ;  rare. 

17.  Callianassa  sp.  nov.     The  hands  of  a  gigantic   Callianasta  sp.  are   not   very 

rare. 

To  judge  from  this  specimen  it  seems  that  the  isolated  fragment  of  a  finger 
which  I  referred  to  Pagurush  ^  really  belongs  to  this  gigantic  Callianassa.  As 
I  have  remarked  above,  this  list  is  by  no  means  an  exhaustive  one,  and  a  careful 
examination  of  my  collection  will  swell  its  number  considerably ;  but  it  may  be 
stated  at  once,  that  almost  all  the  forms,  which  have  been  recognized  hitherto,  are 
identical  with  those  described  from  the  Yenangyat  and  Minbu  beds.  On  the 
other  hand  some  new  forms,  which  had  hitherto  not  been  found  in  either  of  the 
abovenamed  beds,  have  been  discovered  ;  the  most  conspicuous  among  these  are 

Avieula  sp. 

Cypricardia  sp. 

besides  various  others.* 

The  geological  horizon  of  the  Cy^riVflrrfitf  bed  being  decidedly  higher. up  in 
tlie  series  than  either  of  the  fauna  abovementioned,  it  is  almost  certain  that  the 
faunistic  difference  noted  cannot  be  considered  as  only  a  local  variation. 

3.  Batissa^{Cyrena')  BED. 

The  highest  position  in  the  Yenangyoung  stage  is  occupied  by  a  bed  which 
is  unfossiliferous  almost  throughout  its  whole  extent,  but  containing  at  two  places  at 
least  in  the  neighbourhood  of  Minlindoung,  countless  numbers  of  Batissa  crawfurdi 
Noetling  and  Batissa  pttroUi  Noetling.  These  two  forms  are  also  found  in  the  next 
higher  bed,  which  most  decidedly  belongs  to  the  Irrawaddi  division,  and  they  form 
the  connecting  link  with  that  series  of  strata  which  contain  such  an  entirely  different 
fainna  from  that  of  the  older  tertiaries. 

If  the  Cythirea  promensisy  a  species  established  by  Mr.  Theobald,  but  neither 
described  nor  figured,  is,  as  I  suppose,  identical  with  either  ^a/ma  rrait/i/r^i  Noet- 
ling or  Batissa  petrolei,  Noetling,  we  are  bound  to  assume  that  this  form  occurs  far 
down  in  the  tertiary  series  of  Lower  Burma.  The  question  is  an  interesting  one, 
but  it  can  only  be  decided  after  the  examination  of  Mr.  Theobald's  collections.  In 
Upper  Burma  the  Batissa  bed  concludes  the  Yenangyoung  stage,  and  if  we  assume 
that  this  horizon  would  be  the  same  in  Lower  Burma,  the  logical  consequence 
would  be  that  the  Yenangyoung  stage  is  much  thicker  in  Lower  Burma  and  that 
on  the  top  of  the  Batissa  bed  there  exist  several  fossiliferous  horizons,  which  are 
not  represented  in  Upper  Burma. 

These  are,  however,  views  which  can  only  be  settled  by  actual  observation  in  the 
field,  as  I  do  not  think  that  the  examination  of  Mr.  Theobald's  collections  will  shed 
much  light  on  this  question,  as  the  positions  of  the  horizons  in  which  the  fossils 
were  collected  are  not  always  known  with  certainty  with  reference  to  each  other. 

I  may  conclude  the  description  of  the  palaeontological  features  of  the  Yenan- 
gyoung stage  with  the  remark  that,  to  my  knowledge,  no  fossil  wood  either  car« 

*  Memoir,  Geological  Survey  of  India,  Vol.  XXVII,  part.  I,  page  44. 

'  I  hope  that  I  shall  soon  be  able  to  give  an  exhaustive  description  of  thia  fauna  which, 
from  its  geological  position,  has  a  particular  interest 
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bonised  or  silicified  has  been  discovered  in  it.  The  absence  may  be  accidental, 
but  it  seems  significant  to  me  that  hitherto  no  silicified  wood  has  been  found  in 
either  group. 

c.  Distribution  of  the  Yenafigyoiing  stage. 
The  Yenangyoung  stage  being  established  as  the  series  of  strata  intermediate 
between  the  Prome  stage  and  the  fossil  wood  group  (Irrawaddi  division)  in  Upper 
Burma,  nothing  can  be  said  with  regard  to  its  distribution  in  Lower  Burma ;  but  it 
is  almost  certain  that  it  is  also  represented  in  that  part,  although  it  seems  that  it  does 
not  form  such  a  well  circumscribed  series  as  in  Upper  Burma.  In  fact  it  seems 
that  in  Lower  Burma  it  merges  more  or  less  into  the  Prome  stage. 

In  Upper  Burma  it  is  well  represented  near  Minbu,  at  Yenangyoung,  Singu  and 
Yenangyat,  but  it  must  be  kept  in  mind  that  the  localities  where  it  is  wetl  exposed, 
are  comparatively  speaking  of  limited  extent,  as  it  appears  near  the  surface  only 
where  the  conditions  have  been  favourable ;  and  in  almost  the  whole  of  Upper 
Burma  it  reniains  hidden  beneath  the  overlying  Irrawaddi  division. 

I  am  not  quite  certain  whether  the  Yenangyoung  stage  is  represented  in  the 
Chindwin  hills ;  it  is  most  probably  represented,  but  it  does  not  seem  to  form  such 
a  conspicuous  member  in  the  series.  It  is,  perhaps,  possible  that  part  of  the  sand- 
stone beds,  which  to  a  thickness  of  approximately  6,cx30  feet  overlie  the  Prome 
stage,  represent  the  Yenangyoung  stage,  but  with  regard  to  this  we  must  await  the 
result  of  further  examination. 

II.— The  Irrawaddi  division. 

The  Irrawaddi  division  comprises,  broadly  speaking,  Mr.  Theobald's  fossil  wood 
group,  and  I  have  therefore  to  explain  why  I  changed  the  name  and  substituted 
a  new  term  for  Mr.  Theobald's  designation.  The  chief  reason  is,  that  "Fossil  wood 
group  "  is  hy  no  means  an  appropriate  term  tor  this  series.  Not  only  are  numerous 
beds,  particularly  in  the  lower  part  of  the  series  utterly  destitute  of  fossil  wood,  but 
what  is  much  more  important  certain  post- tertiary  beds  abound  in  fossil  wood.  In 
fact,  one  would  rather  feel  inclined  to  apply  the  term  "fossil  wood  group"  to  some 
diluvial  gravel  beds,  so  full  are  the  latter  sometimes  of  enormous  pieces  of  fossil 
wood.  For  this  rea&oii  these  post-tertiary  gravels  have  frequently  been  mistaken 
for  tertiary  strata,  and,  in  order  lo  avoid  any  confusion,  I  preferred  a  different  name, 
and  have  therefore  chosen  the  name  Irrawaddi  division  from  the  enormous  develop,- 
ment  attained  by  these  beds  in  Upper  Burma  in  the  basin  of  the  Irrawaddi.  ^ 

a.     Thickness, 

I  include  in  the  Irrawaddi  division  all  the  beds  above  the  Yenangyoung  stage 
which  are  characterised  by  the  remains  of  terrestrial  and  fluviatile  animals  but  below 
the  unconformity  which  separates  the  post-tertiary  beds  from  those  of  tertiary  age. 

The  Irrawaddi  division,  as  thus  circumscribed,  exhibits  a  measured  thickness 
of  4,620  feet  in  the  neighbourhood  of  Yenangyoung,  but  it  is  quite  certain  that  this 
does  not  by  any  means  represent  the  total  thickness  of  the  division. 

»  In  previous  papers  I  used  (he  term  Irraw?ddi  sandstone  to  designate  this  group  on  account 
o!  the  preponderance  of  >elIow  sandstones,  but  1  think  tlat  tie  term  I.cawaddi  dirision 
would  be  preferable. 
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The  cross-cut  of  the  Irrawaddi  bed  between  Singu  and  Salemyo  affords  an 
exceedingly  good  section  of  the  Irrawaddi  division,  from  its  base  to  most  probably 
within  a  short  distance  of  its  uppermost  beds.  The  calculated  thickness  of  the 
Irrawaddi  division  in  this  section  would  be  about  20,000  feet.  This  will  probably 
nearly  represent  its  greatest  thickness  in  Upper  Burma,  at  least  in  that  part  of  the 
country  which  chiefly  interests  us  for  the  present. 

In  Lower  Burma  the  Irrawaddi  division  is  apparently  much  less  developed  than 
in  Upper  Burma.  Mr.  Theobald  gives  no  figures  regarding  the  total  thick^ess  of 
his  "  Fossil  wood  group  "  but,  to  judge  from  his  figures,  it  cannot  be  an^rthing  like 
that  attained  in  Upper  Burma. 

b,  Lithological  characters. 

The  rocks  which  compose  the  Irrawaddi  division  form  by  their  light  colours  a 
most  marked  contrast  to  the  dark  coloured  beds  of  the  older  strata.  Light  yellow  is 
the  prevailing  colour,  but  dull  red,  brown  and  olive-green  tinges  are  by  no  means 
lare,  although  they  take  only  a  subordinate  rank.  ' 

The  predominant  rock  is  a  very  soft  sandstone,  which  might  perhaps  better  be 
termed  *'  sand-rock*'  of  light  yellow  colour.  It  forms  thick  beds  which  frequently 
contain  nodular  or  kidney-shaped  conci;^ions  of  extremely  hard  siliceous  isand- 
stone.  These  concretions  which  are  sometimes  of  considerable  'size,  are  arranged 
in  strings,  parallel  to  the  bedding,  and  stick  out  of  the  surrounding  softer  material 
forming  a  very  conspicuous  feature  in  the  landscape.  Alternating  with  the  sand- 
stone are  beds  of  olive-colOured  soft  cl&y,  which,  h6wever,  never  attain  the  thick- 
ness of  the  sandy  beds. 

Still  more  subordinate,  but  very  important  from  a  palsontological  point  of  view 
are  dull  red  bands  of  a  ferruginous  conglomerate.  Sometimes  all  foreign  matter  is 
so  rare  that  these  bands  form  regular  layers  of  cellular  ifoii  ore,  which  have  in 
former  times  been  used  for  the  production  of  iron.  Their  thickness  changes  from 
a  few  inches  up  to  about  15  feet,  but  it  must  be  mentioned  that  they  do  not  as  a' 
rule  seem  to  form  continuous  layers,  but  more  or  less  irregular  strings,  which 
although  parallel  to  the  bedding,  may  suddenly  die  out  at  one  place  and  re-appear  at 
another.  The  only  exception  seems  to  be  the  ferruginous  conglomerate  at  the  base 
of  the  group,  which  forms  a  very  continuous. la jer  of  which  I  shall  presently  have 
more  to  say. 

The  composition  of  these  ferruginous  conglomerates  proves  that  they  must  have 
been  formed  along  a  beach,  for  they  exhibit  all  the  flotsam  and  jetsam  which  is 
generally  gathered  in  such  places.  There  are  small  pieces  of  drift* wood  now 
changed  into  hydroxide  of  iron,  small  pebbles  of  quartz  and  ferruginous  clay, 
rolled  fragments  of  bones,  all  mixed  up,  sometimes  gathered  in  small  heaps, 
sometimes  spread  out  and  forming  only  a  thin,  disconnected  layer.  A  femur  of 
probably  Rhinoceros  spi  which  I  found  in  one  of  these  layers  affords  an  exceedingly 
good  illustration  regarding  the  conditions  under  which  they  were  formed.  It  rested 
with  one  side  on  a  bed  of  sandstone  and  around  it,  and  partly  over  it,  were  heaped 
ferruginous  clay — pebbles,  etc.  etc.  ;  now  that  side  on  which  the  bone  rested  was 
considerably  rubbed,  thus  indicating  the  result  of  the  friction  on  the  underlying  sand, 
produced  by  the  gentle  rocking  of  the  bone  by  the  waves,  while  lying  on  the  beach. 

The  ferruginous  conglomerates  afford  us  therefore  a  material  help,  with  regard 
to  the  conditions  under  which  the  Irrawaddi  division  was  deposited,  and  from  this 
point  they  deserve  special  attention. 
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c.  Palctontological  eharaclers. 

The  Irrawaddi  division  is  undoubtedly  the  most  interesting  in  the  whole 
series  of  the  Burma  tertiaries  owing  to  the  fact  that  it  contains  numerous  remains 
of  terrestrial  and  fluviatile  animals.  It  is,  however,  an  open  question  whether 
these  remains  are  generally  distributed  throughout  the  group,  or  whether  they 
are  restricted  to  certain  localities  only.  It  seems  to  me  that  there  is  no  reason 
why  they  should  not  be  found  anywhere,  whenever  the  strata  of  this  group  are 
exposed,  but  so  far  as  my  eicperience  goes  they  are  much  more  frequent  at  certain 
localities  than  at  others. 

For  instance,  along  the  river  shore  from  Nyounghla  to  a  few  hundred  yards 
north  of  Sithabw6  village  fossil  bones  are  extremely  common ;  further  north  they 
become  scarce,  and  north  of  Yenangyoung  I  have  not  yet  found  a  single  specimen, 
although  the  beds  developed  in  this  part  are  the  same  as  those  south  of  Yenan- 
gyoung village.  Near  Pagan  I  have  searched  for  miles  along  the  bank  of 
the  Inawaddi,  where  the  Irrawaddi  division  is  well  exposed,  without  finding  a  single 
specimen. 

It  is  further  very  remarkable  that  not  only  were  the  first  fossil  bones  which 
came  from  Burma,  and  which  were  described  by  Dr.  Buckland  as  early  as  1823/ 
collected  near  Yenangyoung.  probably  at  the  very  locality  which  I  mentioned  above, 
but  that  also  the  chief  collection  of  fossil  bones  which  was  made  by  the  mem- 
bers of  the  Mission  to  Ava,  was  found  near  Yenangyoung.'  To  judge  from  a 
remark  made  by  King  Mindon  Min  in  the  most  interesting  conversation  recorded 
on  pages  112  and  113  of  Yule's  Mission  to  Ava,  "Biloos"  bones^  are  very  com- 
mon in  the  Yaw  country,  and  it  is  quite  possible  that  the  list  which  Mr.  Theobald 
gives^  as  coming  from  '*  Ava"  refers  to  fossils  collected  in  the  Yaw  country.  They 
certainly  cannot  come  from  Ava,  as  nowhere  in  the  neighbourhood  of  that  town 
do  beds  of  the  Irrawaddi  division  occur. 

Mr.  Theobald  expressly  states  that  in  Lower  Burma  the  fossil  wood  group  is 
only  locally  mammaliferous,  and  if  we  thus  take  all  the  evidence  we  must  believe 
that  the  fossil  bones  are  only  of  frequent  occurrence  at  certain  localities,  of  which 
three  are  known  at  the  (present  time,  viz. .-— ^ 

1.  Lema,  near  Thayetmyo  in  Lower  Burma. 

a.  Bank  of  the  Irrawaddi  between  Nyounghla  and  Yenanfrjoang. 

3.  Yaw-country, 

Of  these  three  localities,  I  know  only  the  second  from  personal  experience;. as 
regards  the  first,  we  have  the  evidence  of  Mr.  Theobald,  and  as  regards  the  third,  I 
must  say  that  all  the  probabilities  are.in  favour  of  the  occurrence  of  fossil  bones, 
because  the  very  strata  in  which  they  have  been  found  near  Yenangyoung  are 
largely  developed  in  the  broad  valley  of  the  Yaw.  On  the  other  hand^  I  must  say 
that  this  is  no  absolute  proof,  for  although  the  Irrawaddi  division  is  largely  developed 
in  Northern  Burma,  as  for  instance,  in  the  Pakdkku,  Upper  Chindwin,  Ye-u  and 
Shewbo  Pistricts,  yet  I  have  not  found  a  single  specimen  of  a  fossil  bone, 
although  I  repeatedly  and  carefully  searched  for  them..  I  may  have  overlooked 
them,  a  possibility  which  I  fully  admit,  and  future  researches*  may  discover  them  in 

*  Transactions  of  the  Geol.  Soe.,  Series  11,  Volume  II,  page  377. 
^  Narrative  of  the  Mission  to  the  Coort  of  Ava,  1858^  page  315. 

'  Biloo,  a  fabulous  monster. 

*  Op  jam.  cit.,  p.  O7. 
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parts  where  I  have  looked  in  vain,  but  for  the  present  we  must  content  ourselves 
with  stating  that  the  locality  in  Upper  Burma  where  fossil  bones  have  been  found 
in  largest  numbers  is  the  country  around  Yenangyoung. 

The  sieemingly  erratic  manner  of  horizontal  distribution  of  the  fossil  bones  might 
perhaps  be  explained  if  we  assume  that  they  are  restricted  to  a  certain  portion 
of  the  strata  of  the  Irrawaddi  division,  and  that  they  are  therefore  only  found  at 
places  at  which  that  particular  portion  is  well  exposed. 

The  question  is  a  difficult  one  to  decide,  and  would  require  further  observations, 
but  if  one  may  be  allowed  to  draw  a  conclusion  from  the  occurrence  of  the  fossil 
bones  around  Yenangyoung  it  seems  that  they  are  restricted  to  the  lower  and 
middle  parts  of  the  Irrawaddi  division,  while  they  are  extremely  rare,  if  not  entirely 
wanting,  in  the  upper  part,  being  replaced  by  the  frequently  occurring  fossil  wood. 
This  supposition  would  explain  the  curious  mode  of  occurrence  near  Yenangyoung 
the  youngest  strata  of  the  Irrawaddi  division  being  chiefly  exposed  along  the  river 
bank  south  of  Nyounghla  and  north  of  Yenang)'Oung. 

The  late  Dr.  Oldham^  had  already  observed  that  the  fossil  bones  are  chiefly 
found  In  the  ferruginous  conglomerates  and  "  breccia  or  conglomerate "  which 
he  has  found  at  Minlindoung'  and  which  is  considered  by  me  as  the  bottom-bed 
of  the  Irrawaddi  division,  and  distinguished  as  a  special  bone-bed,  of  which  more 
will  be  said  later  on.  Besides  this  bed,  I  found  fossil  bones  at  several  higher 
horizons,  and  I  think  that  I  am  able  to  recognize  certain  well  marked  horizons 
characterised  by  their  vertebrate  fauna ;  this  sub-division  will  be  discussed  presently. 
As  regards  the  fauna,  which  has  left  its  remains  deposited  in  the  Irrawaddi 
beds,  the  following  species  and  genera  have  been  noticed  by  various  authors. 
The  first  to  determine  the  collection  made  by  Mr.  Crawford  was  Dr.  Buckland,  who 
recognised  the  following  species : —  . 

Mastodon  iatidens,  C\i(L 

„  eiepkanioidet,  Clift. 

Hippopotamus  sp. 
Rhinocsros  sp. 

5fMSp. 

Tapirus  sp. 

Bos  sp. 

Cervus  sp. 

Antelops  sp. 

Vroeodilis,  sp.  aff.  vulgaris. 

Leptofhynehus  sp.  {Garialis  sp.) 

Trionyx  sp. 

Emys  sp. 

The  specimens  collected  by  Dr.  Oldham,  of  which  he  has  given  a  rough  list  at 
the  end  of  his  paper,  have  subsequently  been  more  accurately  determined,  and  I 
suppose  that  the  list  of  fossils  from  Ava  which  Mr.  Theobald  gives'  refers  to  them. 
The  following  species  and  genera  are  enumerated  :— 

Mastodon  latidtns,  Clift. 
Eliphas  cli/tii,  Cautl.  and  Falc. 
kasiodon  sUphantoides,  Clift. 

^  Mission  to  Ava,  page  315. 

'Dr.  Oldham  spells  the  word  Menleng. 

'  Op.  jaas.  cit,  p.  67. 
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'  Rkin^cttot  sp. 

Equus  sp. 

Hippopotamus  (Hexaprotodon)  irrcnadieus,  Caut  and  Falc. 
Merycopotamus  dissimilis  Caut.  and  Pale. 
Su€  sp. 
Tap  if  us  8  p. 
Bos  sp. 
Cstvus  sp. 
Antelope  sp. 
Crocodilis  sp. 
Leptothynchus  sp. 
Emfs  sp. 
Trttfif^jr  sp. 
Cohssockelys  sp. 

Most  of  these  have  been  subsequently  examined  and  described  by  Mr. 
Lydekker  in  the  Palseontologia  Indica  and  a  few  more  species  added  to  the 
above  list,  vis,,  Ursui  sp.,  Afastodon  sivaUnsis,  Rhinoceros  sp^  Vishnu/herium 
irravadicumy  Bos  sp.  The  following  species  have  been  collected  by  me  i;i  the 
neighbourhood  of  Yenangyoung : — 

1.  Mastodon  latidens,  Clift. 

2.  Stegodon  cUftii  Caut.  and  Fale* 

3.  A€er otherium  perimemse,  Lyd. 

4.  Rkinoeeroa  uivalensis^  Lyd. 

5.  Hippop0ittmus  itravadicus^  Cant,  and  Falc. 

6.  Sus  titan,  Lyd. 

7.  Bubalus  sp. 

8.  Boselaphui  sp. 

9.  Hippotherium  antehpinum. 

10.  Cervi^  sp. 

11.  Z^tf^ra  (/*)  sp. 

12.  Crocodilis  c/,  biporcatus  (^), 

13.  Gavialis  sp,  cf,  gangeticui, 

14.  Emyda  palaindica, 

15.  Trionyx  sp. 

16.  Colossoehelys  atlas, 

17.  Testudo  sp. 

18.  £myx  sp. 

19.  Carckarias  sp. 

Besides  the  species  above  mentioned,  there  are  still  some  teeth  representing 
three  or  four  more  species,  which  are,  however,  too  ill-preserved  to  be  deter- 
mined. 

Now,  if  we  compare  these  lists  of  fossils  collected  at  three  widely  separated 
periods,  their  great  similarity  is  rather  striking.  In  fact,  although  I  had  the  best 
opportunity  of  all,  my  collection  only  adds  a  few  more  species  to  those  already 
known  through  Dr.  Buckland  and  Mr.  Lydekker ;  but  even  these  do  not  in  the 
least  alter  the  character  of  the  fauna.  If  we  omit  the  rather  doubtful  Equus  sp. 
and  assume  that  Mr.  Oldham's  Antelope  sp.  is  identical  with  Boselaphus  sp.,  the 
fauna  consists  of  26  species  altogether.  The  character  of  this  fauna  is  decidedly 
expressed  by  its  composition,  it  being  almost  exclusively  composed  of  animals  which 
led  either  an  entirely  aquatic  life  or  dwelt  in  swampy  marshes  bordered  by  shady 
forests,   and  required  besides  large  quantities  of  vegetable  food  and  an  abundance 
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of   water  for  iheir  welfare.     Out  of  the   26  species  above  mentioned,  seven  are 
ot  entirely  aquatic  habits,  vi%, — 

Cracodilis  cf,  biporcatuM  (/*). 
GavialUt  *A  ^/  gangeticuM, 
Emyda  palaiudica, 
Trionyx  sp. 
ColoMsoehilyi  Aiiai. 
Emys  sp. 
Catchafiat  sp. 

To  these  we  may  add  two  which  lead  a  semi-aquatic  life,  viz.  .*— 

Hippopotamus  irravadieus. 
Lutra  sp.    . 

Out  of  the  remaining  species  we  may  safely  suppose  that— 

RhinpctrQh  [i4r#r«/Aeriiim]  perimemse, 

Rhinociros  sivalensis. 

Rhinoceros  sp. 

BubaluM  sp. 

Sus  titan. 

Tapyrut  sp. 

Vishnuthofium  irravadicum* 

and  most  probably  also — 

Metycopotamus  dissimilis^ 
Hippothtrium  anitlopin\tm. 

chiefly  dwelt  in  marshy  swamps,  while  the  remainder,  viz.  • — 

Mastodon  latidens. 
Mastodon  sivalensis. 
Stegodon  eli/tii. 
Boselaphus  sp. 
Cervus  sp. 
Bos  sp. 
Ursus  sp. 
Testudo  sp. 

most  probably  lived  in  the  shady  forests  bordering  the  marshes. 

The  only  region,  in  which  were  all  the  conditions  for  the  existence  of  a  fauna 
constituted  as  the  above,  would  be  the  low  islands  and  estuaries  of  the  delta  of  a 
laige  stream.  The  numerous  brooks  and  creeks  afiForded  ample  room  and 
nourishment  for  the  members  of  the  reptilian  tribe  as  well  as  for  the  sharks,  while 
the  low  islands,  covered  with  a  luxurious  vegetation,  were  the  places  where  the 
Dngulaia  and  Proboscidea  led  a  comfortable  life.  . 

If  we  now  examine  the  homotaxial  relations  of  this  fauna,  it  is  at  once  obvious 
that  it  bears  the  strongest  resemblance  to  the  Siwalik  fauna  of  India.  Out  of  26 
species,  at  least  1 1  are  recognized  with  certainty  as  being  identical  widi  Siwalik 
forms ;  these  are  : — 

t.  Mastodon  latidons, 

2.  Maitodon  sivalensis, 

3.  Stegodon  cli/tii. 

4.  Rhinoceros  {Acerothetium)  perimense. 

5.  Rhinoceros  sivalensis, 

6.  Metycopotamus  dissimilit. 
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7.  S%s  titan. 

8.  Hippolherium  antehpinum, 

9.  Gavialis  sp.  cf,  gangeticus, 

10.  Bmyda  palaindica. 

11.  Colossoeh§lyi  Mas, 

That  is  to  say,  all  such  forms  as  have  been  specifically  determined,  except  those 
of  course  which  are  indigenous  to  Burma.  Out  of  the  remaining  15  species, 
two,  viz, — 

I.  Nippopoiamui  irra^adicus, 
a.  Vishl^uiherium  irravadicum. 

are  indigenous  to  Burma,  while  the  remaining  13  species  have  for  the  present 
been  only  generally  determined. 

The  proportion  of  species  identified  with  Siwalik  forms  is  therefore,  if  we  dis- 
regard the  two  indigenous  species,  about  50  per  cent,  of  the  total  or  much  larger 
than  Mr.  Oldham  supposed  it  to  be.^  In  fact,  I  have  not  the  slightest  doubt  that  (he 
proportion  will  be  still  greater  once  the  fauna  has  been  carefully  studied,  there  being 
certainly  among  the  13  species  hitherto  only  generally  determined  some  which 
will  be  found  identical  with  Siwalik  forms. 

On  the  other  hand  it  cannot  be  denied  that  as  regards  the  general  character 
of  the  fauna  of  the  Irrawaddi  division,  it  exhibits  some  features  decidedly  difierent 
from  the  Siwalik  fauna.  The  Ungulala^  although  being  in  the  majority,  are  repre- 
sented by  a  much  smaller  number  than  in  the  Siwalik  fauna,  but  the  most  striking 
feature  is  the  remarkable  scarcity  of  Carnivora  of  which  only  two  species  have 
so  far  been  discovered  in  the  Irrawaddi  division,  which  contrasts  strongly  with  the  large 
number  of  species  in  the  Siwaliks.  I  am,  however,  not  prepared  to  state  that  these 
differences  are  absolute,  my  opinion  is  rather  that  once  the  Ifrawaddi  division  is 
more  explored,  and  we  know  its  fauna  to  a  larger  extent,  the  discrepancy  between  the 
total  number  of  species  on  one  side,  and  the  remarkable  difference  of  the  develop- 
ment of  the  Carnivora  in  both  regions  will  disappear,  or  at  least  become  smaller. 

For  the  present  we  must  content  ourselves  with  having  pointed  out  that 
notwithstanding  its  smaller  number  of  species  the  fauna  of  the  Irrawaddi  division 
must  be  considered  as  correlative  to  that  of  the  Upper  Siwaliks.' 

Luckily  in  Burma  we  are  in  a  much  better  position  for  ascertaining  the  age  of 
the  Irrawaddi  division  than  were  the  Indian  geologists,  when  fixing  the  age  of  the 
Siwaliks  ;  as  previously  pointed  out,  the  Irrawaddi  division  rests  conformably  on  beds 
of  miocene  age.  The  natural  conclusion  is  therefore  that  the  Irrawaddi  division 
represents  the  Pliocene  of  Europe,  a  supposition  which  is  fully  in  accordance  with 
the  views  lately  promulgated  by  Mr.  Oldham  in  the  second  edition  of  the  Manual 
of  the  Geology  of  India,  according  to  which  "it  is  impossible  to  deny  that  the 
balance  of  evidence  is  in  favour  of  a  Pliocene  age."  In  fact  we  might  rather  say 
that  the  evidence  of  the  fauna  of  the  Irrawaddi  division  is  a  further  strong  proof  of 
the  Pliocene  age  of  the  Siwaliks,  for  it  would  be  impossible  to  assume  that  the 
Irrawaddi  division  was  of  Upper  Miocene  and  not  of  Pliocene  age.  Such  an  assump- 
tion would  simply  mean  a  perversion  of  all  facts  and  a  negation  of  the  natural 
divisions  of  the  Tertiary  rocks  in  Burma. 

>  Manual  of  the  Geology  ol  India,  and  edition,  ptge  341. 

*  Mr.  Lydekker,  when  describing  the  kuna  dt  the  Siwaliks,  never  seeus  to  have  doubted 
this,  for  the  specimens  collected  in  Burma  are  tnclnded  among  kis  list  of  the  Siwalik  species. 
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Besides  its  fauna  the  Irrawaddi  division  is  distinguished  by  an  abundance  of 
fossilized  wood.  In  fact  the  fossilized  wood  has  attracted  the  attention  of  travellers 
in  Burma  more  than  anything  else  with  the  exception  perhaps  of  the  occurrence 
of  rubies.  There  is  hardly  a  book  dealing  with  Burma  in  which  reference  is  not 
made  to  the  fossil  wood,  and  the  quaintest  theories  have  been  set  forth  to  explain 
its  presence  in  such  abundance.  It  is,  however,  strange  to  say  that  although  quan- 
tities of  it  must  have  been  brought  to  England  since  the  end  of  the  last  century 
no  scientific  examination  of  it  has  hitherto  been  made. 

"Fhe  fossil  wood  is  distributed  throughout  the  whole  of  the  Irrawaddi  division,  but 
I  am  unable  to  say  whether  there  is  any  rule  as  regards  its  vertical  distribution. 
Frequently  enormous  logs  may  be  seen  imbedded  in  the  strata.  I  noticed  a  speci« 
men  of  about  60  feet  in  length,  east  of  Yenangyoung,  broken  into  several  pieces 
by  its  mere  weight,  but  still  partly  imbedded  in  the  soft  sandstone.  Pieces  of  smaller 
size  are  of  course  extremely  common,  and  cart  loads  might  be  picked  up  in  a  few 
hours. 

There  are  two  modes  of  petrification,  the  one  in  which  the  wood  fibre  has  been 
replaced  by  silica,  the  other  in  which  it  has  been  replaced  by  hydroxide  of  iron. 
The  former  is  the  common  one ;  the  latter  has  been  only  observed  in  a  few  cases 
of  drift-wood  imbedded  in  the  ferruginous  conglomerates. 

The  question  as  to  how  this  wood  became  fossilized  has  of  course  occupied  the 
attention  of  more  than  one  observer,  but  it  cannot  be  said  that  a  satisfactory  explan- 
ation bas  hitherto  been  given. 

Mr.  Theobald  having  observed  that  the  fossil  wood  when  found  in  situ  never 
exhibits  any  signs  of  being  rolled  or  otherwise  worn  away,  nor  gives  any  other  in- 
dications of  transport,  therefore  assumes  that  the  wood  could  not  have  been  in  a 
petrified  state  prior  to  being  embedded  in  its  present  position.  He  therefore  supposes 
that  petrification  took  only  place  after  the  trees  had  found  their  present  resting  place, 
an  assumption  which  he  explains  by  the  following  quaint  theory.  He  supposes  that 
the  trunks  of  trees  floated  about  till  water-logged  in  shallow  lakes,  in  which,  on  sink- 
ing, they  became  mineralised  through  the  agency  of  springs  holding  silica  in  so- 
lution. 

•  The  logical  outcome  of  this  theory  is,  that  wherever  a  single  specimen  of  a 
silicified  log  is  found  in  situ,  we  are  bound  to  suppose  that  just  underneath  that 
very  log,  a  spring  rose,  in  order  to  petrify  it,  and,  having  done  its  work,  disappeared 
without  leaving  behind  it  any  other  traces  of  its  activity.  The  absurdity  of  such  a 
theory  is  too  evident,  and  no  more  need  be  said  about  it,  but  in  discarding  one 
theory  one  ought  to  be  able  to  replace  it  by  a  more  satisfactory  one.  I  must,  how- 
ever, confess  that  in  matters  of  this  kind,  which  are  chiefly  of  a  chemical  nature,  I 
am  unable  to  give  a  satisfactory  solution.  I  was  therefore  extremely  glad  to  find 
that  Dr.  Irving  has  propounded  a  theory  regarding  the  origin  of  the  silicified  wood 
in  the  Pliocene  of  the  Libyan  desert  ^  which  might  be  equally  well  applied  to  the 
silicified  wood  of  Burma.  I  cannot  therefore  do  better  than  give  Dr.  Irving's 
own  words,  which  sre  as  follows : — 

*'  Remarking  on  the  silicification  of  wood,  he  wished  again  to  emphasize  the 
difference  in  the  action  of  carbonic  acid  in  petrological  changes,  according  as  it 

*  Quart.  Juurn.  of  the  Geol.  Soc.,  1894,  Tolume  L.,  page  547> 
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existed  as  a  free  acid  or  in  combination  with  a  base,  as  in  sodium  carbonate.  The 
ei^ent  of  the  ••  natron  "  deposits  pointed  to  the  supply  of  alkalifie  waters  over  large 
areas  in  former  times,  holding  the  mineral  in  solution.  The  reaction  of  such 
waters  upon  the  potash  fel8()ar  of  the  sands  furnished,  by  the  disintegration  of  the 
crj^stalline  rocks^  would  not  lead  to  the  deposition  of  free  silica  (as  in  the  ordinary 
process  of  kaolinization),  because,  while  the  potassium  was  taken  up  as  a  (^bonate 
and  carried  away,  the  siliosi  was  also  removed  in  solution,  through  combination 
with  the  sodium,  to  form  sodium  silicate.  This  last-named  salt  in  solution  would 
be  readily  decomposed  by  the  organic  acids  and  the  carbonic  acid  furnished  by 
decaying  vegetable  tissue,  the  silica  being  then  deposited  as  a  colloid  in  $iiu,  and 
thus  retaining  the  structural  forms  of  the  original  tissue." 

I  may  at  once  state  that  there  is  ample  proof  that  the  strata  of  the  Irrawaddi 
division  still  contain-  the  salts  which  were  required  for  the  above  process. 

This  may  here  also  be  a  fitting  opportunity  to  correct  an  error,  which  though 
insignificant  enough  has  been  the  source  of  the  erroneous  idea  regarding  the  origin 
of  the  Irrawaddi  division  put  forth  in  the  and  edition  of  the  Manual  of  the  Geology 
of  India.  Mr.  Theobald's  statement  that  the  silicified  wood  is  never  bored  by  zylo* 
phagons  mollusca,  has  been  used  as  a  strong  argument  against  the  estuarine  origin 
of  the  "  Fossil  wood  group."  The  statement  that  the  silicified  wood  is  never  bored 
by  xylophagous  mollusca  is  absolutely  erroneous,  as  I  have  repeatedly  found  large 
peces  which  have  been  riddled  by  the  borings  of  these  mollusca.  Such  pieces 
are  rather  rare,  but  still  they  exist,  and  with  their  existence  the  whple  argument 
based  on  their  absence  falls  through,  which  ia  another  proof  of  the  fallacy  of  nega- 
tive proofs. 

To  conclude  the  palseontological  features  of  the  Irrawaddi  division,  I  may 
mention  here  the  curious  fiint  fiakes  which  have  been  found  by  me  in  the  ferruginous 
conglomerate  at  the  bRse  of  the  group  and  which  I  described  in  a  separate  paper. 
I  may  mention  here  that  in  the  meantime  several  experienced  colleagues  have  ex- 
pressed their  opinion  that  these  flakes  are  in  reality  of  artificial  origin.  As  this  is 
not  a  fitting  place  for  the  discussion  of  this  question  I  simply  record  the  fact  with, 
out  going  into  details. 

d.  Subdivision  of  the  Irrawaddi  division* 

It  is  quite  clear  that  the  same  reasons  which  render  a  subdivision  of  the 
Pegu  division,  extremely  difficult  apply  also  to  the  Irrawaddi  division,  even  perhaps  in 
a  greater  degree.  It  seems  an  almost  hopeless  task  to  subdivide  this  series  of  sand- 
stones, clays,  etc.,  of  which  the  lowest  exactly  resemble  in  appearance  a  bed  at  the 
top  of  the  series.  But  even  after  succeeding  in  working  out  a  subdivision  of  a 
special  locality,  it  is  extremely  difficult,  if  hot  almost  impossible,  to  conelate  the 
subdivisions  of  two  somewhat  distant  localities,  without  having  the  connecting  links. 

kr.  Theobald's  subdivision  of  the  Fossil  wood  group  in  Lower  Burma,  as  well 
as  my  own  for  the  country  around  Yenangyoiing,  cannot  therefore  have  more  than 
local  value.  It  may  perhaps  be  probable  that  imy  subdivisioHi  based  on  pala&onto- 
logical  evidence,  will  eventually  prove  to  be  applicable  over  a  larger  area,  but  for 
the  present  there  is  no  further  sujpport  in  aid  of  this  supposition. 

Wr.  Theobald  divides  the  Fossil  wood  group  iri  descending  order  as  follows:  ■— 

'  Records  of  tho  Geol^g.  Sarvey  of  India,  volume  xx,  page  loi. 
'  Op.  cit,  page  63. 
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a.  Fossil  wood  sands, — Sand,  in  parts  gravelly  and  conglomeratic,  characterised 
bj  the  profusion  of  concretions  of  peroxide  of  iron,  associated  with  it.  Fossils  '• 
Tmnks  of  silicified  exogenous  wood,  and,  locally,  mammalian  bones.  In  the 
subordinate  beds  of  conglomerate,  rolled  fragments  of  wood  aft  above,  silicified 
(that  is,  mineralized  subsequent  to  tbeir  entombment),  mammalian  and  reptilian 
bones  and  teeth  of  cartilaginous  fish  (squalidae). 

b.  Fine  silty  clay, — Fine  silty  clay  with  a  few  small  pebbles,  mixed  with  sand, 
in  strings  here  and  there ;  the  whole  very  fine  and  homogeneous  and  devoid  of 
fossils. 

f .  Jtfogoung  sands, — A  mixed  assemblage  of  shales,  sands  and  conglomerates, 
the  last  very  subordinate,  partaking  much  of  the  charactersof  beds  a  and  b  ;  z.  little 
of  the  concretionary  oxide  of  iron.  Fossils  :  rolled  wood  silicified,  mammalian 
and  reptilian  bones  and  cartilaginous  fish  teeth.  Towards  the  base,  the  beds  contain 
marine  shells  and  pass  into  those  of  the  next  group/ 

For  the  country  around  Yenangyoung  I  divide  the  Irrawaddi  strata  into  the 
following  subdivisions  in  descending  order  :— 

I .  Yellow,  soft  and  friable  sandstones,  alternating  with  beds  of  brown  clay. 
Fossil  wood  not  very  common,  no  fossil  bones. 

3.  Zone    of  Mastodon  latidens  and  Bippopoiamus  irravadicus.    Lithological 
charactera  as  above ;  fossil  wood  very  common. 

3.  Zone  of  Hippotherium  antelopinum  and  Aaratheriym  perimehie.  Ferru- 
gtnons  conglomerate. 

These  three  zones  are  of  very  unequal  thickness,  and  although  the  boundary 
between  zones  3  and  2  is  a  very  sharp  and  natural  one  in  a  palseontologioal  as 
well  as  in  a  lithological  sense,  yet  that  between  the  two  upper  zones  (2  and  1)  is 
more  or  less  artificial,  the  division  being  simply  based  on  the  apparent  absence  of 
fossil  bones  in  the  upper  beds  of  the  series  following  immediately  above  zone  3. 
As  a  more  detailed  description  of  the  development  of  the  Tertiary  system  near 
Yenangyoung  will  be  given  in  the  memoirs  of  the  Geological  Survey  of  India, 
Vol.  XXVII,  it  is  unnecessary  here  to  dwell  any  longer  on  this  subject. 


d^  Distribution. 

The  Irrawaddi  division  caps  the  older  Tertiary  beds  nearly  everywhere  in 
Upper  Burma  within  the  boundaries  of  the  basin  of  the  Irrawaddi.  Of  course  it 
varies  considerably  in  different  parts  of  Upper  Burma,  but  it  can  always  be  easily 
recognised.  In  Lower  Burma  it  seems  to  cover  a  much  smaller  area,  being  appa- 
rently much  eroded,  so  that  only  isolated  patches  remain,  while  in  Upper  Burma  it 
forms  a  continuous  cover,  stretching  from  the  foot  of  the  Arrakan  Yoma  asfar  as  the 
foot  of  the  Shan  hills. 

l^e  following  table  shows    the  manner  in    which  I    have  subdivided    the 

'  Vi»,t  Pegu  group. 
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Burma  Tertiaries,  with  the  names  given  to  each  subdivision ;  these  are  ananged 
in  such  a  way  that  at  a  glance  it  may  be  seen  what  principles  have  guided  me;— 


Character  of 
fauoa. 

Name  of 
Series. 

Character  of 
Deposits. 

Character  of  sedi- 
meots. 

Name  of  division. 

Terrestrial     and 
Flnviatile. 

Barma 
series. 

Deltaic. 

Yellow  sandstones,  olive- 

oos    conglomerate ;  no 
gyp«um. 

Irrawaddt  dirision. 

CO 

s 

b3 
CO 

< 

06 
06 

< 

Littoral  and 
Eituarine. 

Yellow  sandstone,  olive 
coloured      and     blaish 
cUy ;  gypsum. 

Yenangyoung 
stage. 

I 

> 
a 

Marine    • 

Grey    sandstone,    blaish 
clay. 

Prome  stoge. 

£ 

M 

1 

Littoral 

Limestone,     grey    sand- 
stone, bluish  clay. 

Nammulitic  division. 

Deepsea 

Shales 

Chin  shales. 

In  concluding  this  sketch  of  the  Burma  Tertiaries,  the  following  Uble  will 
convey  my  views  as  to  the  correlation  of  the  Tertiary  strata  in  Burma,  India  and 
Europe.  It  would,  of  course,  be  useless  to  attempt  anything  beyond  a  general 
comparison,  and,  I  think,  we  must  be  satisfied  if  we  recognize  with  some  certainty 
the  large  sub-divisions  of  the  European  Tertiaries  in  distant  Burma. 

The  Tertiaries  of  India,  of  which  those  of  Burma  form  only  the  eastern 
continuation,  exhibit,  by  their  remarkable  division  into  two  large  groups  differing 
widely  in  the  character  of  their  respective  faunas,  such  peculiarities  that  any  correla- 
tion with  the  Tertiary  rocks  of  Europe,  except  one  based  on  the  broadest  lines, 
is  almost  impossible,  a  fact  which  has  already  been  noted  by  Dr.  Blanford. 


Europe. 

Burma* 

1      Himalaya, 
Western  India.  1    North. West   . 
1           area. 

Himalaya, 
Simla  area. 

Pliocene. 

Burma 
Series. 

Irawaddi 
division.  '- 

Manchhar 
group. 

Upper 
Siwaliks. 

Upper  and 

middle 
Siwaliks. 

Miocene 

CO 

S 

% 

z 
< 

06 

< 

D 

• 

J 

en 

i 

I 

Yenangyoung 
stage. 

Gaj  group 

Lower    Siwa- 
liks. 

'Nahao      beds 
Lower  Siwa- 
liks. 

Prome  stage. 

Nari  group     . 

Murree  beds  . 

KaSittli  group. 

Eocene 

•2 

Nummulitic 
division. 

Kirthar  group 

Upper     and 
Lower  Num* 
mulitic. 

Dagshai     and 
Sobitlw 
group. 

s 

*» 

\     ^ 

Chin  shales    . 

Ranikot  group 

P 

P 
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No  Us  from  the  Geological  Survey  of  India. 

Z.  Rewah. — "  Fi'mMytfifx/'— Mr.  Oldham  and  Mr.  Datta  have  been  at  work  in 
the  Rewah  State,  north  and  south  of  the  Sone  river ;  their  surveys  have  already  re- 
s^ted  in  most  interesting  and,  in  some  degree,  rather  startling  facts,  some  of  which 
are  briefly  noticed  in  the  Annnal  Report;  but  since  the  latter  has  been  set  up  in~ 
type  some  new  facts  are  reported  by  Mr.  Oldham.  He  distinguishes  the  following 
rock  groups  in  ascending  order : 

(a)  A  transition  series,  into  which  granitic  rocks  intrude,  locally  altering  them 
into  schists ;  Mr.  Bose  had  separated  the  latter  from  the  transitions  as  a  separate 
8j8tem,  but  Mr.  Oldham  shows  this  to  be  unnecessary. 

(JH)  The  transitions  are  unconformably  overlaid  by  a  series  of  rocks,  consisting 
of  a  basal  sandstone  and  conglomerate,  indistinguishable  from  similar  beds  at  the 
base  of  the  so-called  lower  Vindhyans,  followed  by  a  great  but  indeterminable 
thickness  of  red,  and  occasionally  green,  slaty  rock. 

(^)  This  series  is  again  unconformably  overlaid  by  the  so-called  lower  Vindhy- 
ans ;  Mr.  Oldham  drops  that  name  and  returns  to  the  older  term  of  the  Semri  series 
first  used  by  Mr.  Medlicott  for  the  rocks  of  the  same  age  in  Bundelkhand.  He  has 
obtained  evidence  that  this  series  is  distinct  from  the 

(^)  Kymore  group  or  Vindhyans  proper,  which  rest  uncpnfonnably  on  the 
Semri  series. 

Gondwanas,'^Vix.  Oldham  re-examined  a  small  coal-field,  which  Mr.  Smith  had 
partly  surveyed  some  years  ago ;  the  Barakar  age  of  the  rocks  has  now  been  estab- 
lished, as  they  contain  Vertebraria,  Gloesopteris,  Schizoneura,  etc.  Mr.  Oldham  met 
with  two  coal-seams,  respectively  of  6'  and  5'  6'  thickness  ;  the  former  is  i^  miles 
south-west  by  west  of  Ujeini,  the  latter  2  miles  north  of  Amilia,  both  places  near 
the  eastern  edge  of  sheet  476. 

//•  Madras, '^IHxn  Middlemiss  was  engaged  during  January  in  examining  the 
magnesite  area  of  Ranjamallai,  regarding  which  he  reports : 

{a)  The  ultra^basic  rocks  of  the  north-west  end  of  Kanjamallaiand  the  derivative 
magne^te  (first  discovered  by  Mr.  Holland)  were  found  to  be  much  the  same  as 
those  of  the  Chalk  Hills.  Their  extent  is,  however,  insignificant.  Olivine-bearing 
ultra-basic  rocks  were  found  to  run  in  a  broken  band  nearly  east  to  west  from 
near  Ellampaddi  to  the  point  at  which  the  ridge  becomes  steeper,  towards  the  high 
western  end  of  Kanjamallai  ridge.  Pure  olivine-rocks,  such  as  compose  much  of 
the  fundamental  rocks  of  the  Chalk  Hills,  are  wanting  here.  Chromite  was  found 
at  the  eastern  end  of  the  band  with  the  magnesite,  running  as  a  vein*  4 — 5  inches 
wide,  through  the  serpentiniaed  olivine-bearing  rock«  'J'he  amount  of  this  mineral 
exposed  is  small.  Excavations  alone  could  decide  its  worth.  The  magnesite  is  too 
unimportant  for  economical  purposes. 

{b)  South  of  Kanjamallai,  a  ridge  near  Ariyanur  is  composed  of  altered  ultra- 
basic  olivine-rock  very  closely  resembling  the  dunite  of  the  Chalk  Hills,  The  same 
rock  ^'massif"  becomes  talcosci  with  beds  of  rather  impure  potstone,  which  is 
locally  excavated  for  making  into  vessels,  A  few  unimportant  magnesite  veins 
occur  in  this  ridge.  Incidentally  sections  were  carried  round  and  across  the  Kanja- 
mallai ridge,  and  the  valuable  magnetite  bands  were  located  and  mapped  on  the 
1-inch  maps  as  closely  as  possible.    The  conclusion  arrived  at  was  that  only  the 
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lowest  band  need  be  considered  from  an  economical  standpoint,  because  it  seems 
to  be  the  only  one  which  contains  the  richer  and  compacter  form  of  the  ore. 

(0  Between  Macdonald's  Choultry  and  Konganapuram,  several  veins  of  coarse 
graphic  granite  with  mica  were  traced  ;  they  seem  to  be  connected  with  the  Ida- 
paddi  veins  and  mica  quarries.  The  great  granitic  area  of  granite  veins  (in  a 
biotite  gneiss),  of  which  the  Sankaridrug  hill  forms  one  summit  was  mapped. 

Mr.  Middlemiss  afterwards  examined  the  rocks  of  Valaiyapatti  and  reports : 

(n)  Magnesite  and  uUra-basic  rocks, — The  magnesite  occurs  in  very  small 
quantities.  The  rocks  associated  with  it  resemble  entirely  those  at  the  north-west 
end  of  Kanjamallai,  as  far  as  their  appearance  in  the  field  permits  an  opinion*  The 
absence  here  as  at  the  latter  place  of  pure  olivine  rock  or  dunite  is  noteworthy. 
Forming  a  long  low  ridge  running  east  and  west  from  Valaiyapatti  there  are  inter- 
esting examples  of  the  above  type  in  close  association  with  a  very  acid  rock,  namely, 
a  coarse  graphic  granite  composed  almost  entirely  of  pink  orthoclase  and  quartz. 
Both  rocks  are  intrusive  among  the  basal  gneisses  of  that  area  in  parallel  lines. 
Some  good  instances  of  this  are  to  be  found  west  of  Valaiyapatti.  The  graphic 
granite  was  probably  intruded  last. 

(3)  CAarnockite  south  o/  SaUm.—Between'MuiiuKMpMi  and  Salem  on  the 
Namakal-Salem  road  occurs  a  great  exposure  of  Charnockite.  From  its  position, 
strike  and  general  appearance  it  is  a  continuation  of  the  Shevaroy  hills  massif. 

(c)  Chalk  hills, — As  a  whole,  the  aspect  of  each  magnesite  area  in  the  Chalk 
hijls  near  Salem  is  that  of  a  series  of  concentric  ellipses  (roughly  speaking)  of  rocks 
of  varying  composition  and  basicity. 

At  the  centre  of  each  area  occurs  the  chromite  in  veins  among  the  dunite  and 
serpentine.  Surrounding  this  is  a  paler  dunite  zone  (almost  pure  olivine,  partly 
or  wholly  converted  into  magnesite).  Surrounding  this  again  is  a  small  ring  of  rocks 
containing  olivine  and  pyroxene  with  sometimes  biotite.  Surrounding  this  at  certain 
points  come  rocks  like  the  last,  but  with  felspar  and  quartz  in  small  quantities. 
Finally,  surrounding  the  whole  area,  come  great  ridges  of  hornblende-garnet  rocks 
set  among  and  with  the  ordinary  gneisses  of  the  country. 

IJL  Sind.  (ay  Sal/. — Mr.  LaTouche,  while  superintending  the  trial-boring  for 
oil  at  Sukkur,  had  occasion  to  examine  a  very  interesting  occurrence  of  rock-salt  in 
nummulitic  limestone.  The  spot  where  this  mineral  is  found  is  about  half  a  mile 
south-east  of  the  village  of  Aror,  which  lies  at  about  4  miles  east  of  Rohri  on  the  left 
bank  of  the  Indus.  Here  the  low  ridge  of  nummulitic  limestone,  which  extends  from 
Sukkur  and  Rohri  for  about  50  miles  southward,  is  intersected  by  a  broad  valley, 
through  which  the  Indus  is  said  to  have  flowed  in  former  times.  On  the  south  side 
of  this  valley,  in  the  precipitous  scarp  overlooking  the  alluvial  plain  of  the  Indus,  a 
band  of  nummulitic  limestone  is  found  about  20  feet  from  the  base  of  the  scarp, 
and  portions  of  this  band  contain  chloride  of  sodium  in  the  form  of  nests  and 
strings,  whilst  the  whole  band  possesses  a  slightly- saline  taste. 

(3)  0/7.— Near  the  village  of  Knndra,  about  8  miles  south  of  Rohri,  the  natives 
of  that  part  of  Sind  knew  of  a  spot  where  a  strong  smell  of  earth-oil  could  be  per- 
ceived, and  where  they  used  to  drive  their  cattle  during  the  hot  weather,  as  flies  are 
said  to  avoid  the  place,  whi^h  is  in  the  midst  of  a  sandy  plain,  the  present  alluvium 
of  the  Indus.  Latterly  Mr.  LaTouche  had  a  well  dug  to  ascertain  the  cause  of  the 
•exhalations;  at  a  depth  of  about  16  feet  from  the  surface,  the  volume  of  gas  issuing 
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from  the  soil  became  so  large  that  the  men  employed  could  no  longer  work  in  the 
hole  without  danger  of  suffocation.  Indeed,  in  two  instances,  they  were  so  over- 
come for  the  time  being  that  they  had  to  be  hauled  up  wiibropes.  It  was  there- 
fore necessary  to  continue  sinking  the  well  by  means  of  an  improvised  dredger 
worked  from  above,  and  after  a  good  deal  of  labour  water  was  reached  at  a  depth 
of  20  feet  from  the  surface.  On  continuing  the  sinking  for  two  feet  or  so  below 
the  level  of  the  water,  films  of  oil  began  to  appear  on  t^e  water,and  on  dredging  up 
some  of  the  sand  from  the  bottom  these  films  could  be  seen  oozing  from  it  upon  the 
water.  The  quantity  is  of  course  exceedingly  small,  but  it  is  enough  to  show  that 
there  is  probably  an  escape  of  oil  from  the  rocks  below  the  alluvium,  sufficiently 
large  to  have  impregnated  the  latter,  which  is  possibly  some  hundreds  of  feet  in 
thickness  at  that  spot.  The  indications  are  'sufficiently  promising  to  justify  the 
sinking  of  a  boring  here. 

The  gas  which  escapes  from  the  well  is  apparently  composed  principally  of 
carbonic  acid,  for  a  light  is  immediately  extinguished  by  it.  But  from  its  smell  it 
is  probably  mixed  with  some  gaseous  hydrocarbon.  It  is  probably  caused  by  the 
oxidation  of  hydrocarbons  during  their  slow  passage  through  the  alluvium. 

There  is  no  outcrop  of  solid  rock  anywhere  in  the  neighbourhood  of  the  well, 
the  nearest  being  the  scarp  of  nummulitic  limestone,  which  forms  a  low  ridge  run- 
ning south  from  Rohri  and  about  6  miles  east  of  the -well.  The  intervening  ground 
is  covered  by  the  alluvium  of  the  Indus,  and  at  the  bottom  of  the  well,  fine  dark 
grey  alluvial  sand  was  found. 

IV,  Gondwanas  in  Argentina. —Dr.  Fritz  Kurtz,  Professor  of  Botany  at  the 
University  of  Cordoba  Rep.  Argentina,  writes  to  Dr.  F.  Noetling  that  in  1887  he 
received  some  fossil  plants  from  Bajo  de  Vehs  in  the  Sierra  de  San  Luis,  amongst 
which  he  determined  a  Neuropiendium  sp.,  he  considered  the  species  as  new  and 
described  it  as  N,  argentinum^  Kurtz.  However,  after  having  received  Vol.  Ill  of 
Feistmanters  Gondwana  flora,  he  recognized  at  once  that  his  new  species  was 
identical  with  N,  valid  urn,  Feistm,  from  the  Kaharbari  beds. 

Since  that  discovery  he  received  some  more  fossil  plants  from  Cachente,  Us« 
pallata  (east  slope  of  the  Cordillera)  and  others  from  the  abovenamed  locality : 
among  the  latter  he  recognized  : 

GangamoptetU  CfehpUroides,  Feistm. 
Neufopteridium  validum^  Feistm. 
i^otg^erathiopsis  hulopi,  Feistm. 
Eguiirtites  sp.  nov. 
Sphenotamiief  sp.  nov. 
WaUkU  (P)  sp. 

To  this  discovery,  which  is  of  the  utmost  importance  for  the  homotaxy  of  the 
Gondwanas,  I  may  add  that  it  forms  an  additional  evidence  for  the  general  simi- 
larity of  geological  structure  between  the  southern  part  of  South  America  and  South 
Africa;  we  have  in  both  continents  noarine  devonian  strata  which  have  yielded 
practically  the  same  fauna. 

C.  L.  GRIFSBACH,  Director, 

Geological  Survey  of  India. 
The  lU  May  i8gs* 
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On  the  Jadeite  and  other  rocks^from  Tammaw  in  Upper  Burma:  by 
Professor  Max  Bave^,  Marburg  University:  {translated  by  Dr. 
F.  NOETLING  and  H.  H.  Hayden). 

In  the  following  pages  1  propose  to  describe  the  rocks  collected  by  Dr.  Noetling 
at  the  jade  mines  near  Tammaw  in  Upper  Burma,  and  which  are  now  in  the  col- 
lection of  the  Geological  Survey  of  India.  These  specimens  including  the  jadeite 
and  the  serpentine  (the  most  important)  bear  all  the  characteristics  of  true  rocks. 

Jadeite, — ^The  jadeite  forms  a  fine-grained  mass,  chiefly  white,  and  bearing  at 
first  sight  a  certain  resemblance  to  marble.  The  size  of 
^*  **  ^'  the  grains  is  not  uniform  ;  they  are  at  times  so  small  as  to 

be  indistinguishable  by  the  naked  eye,  while  at  times  they  are  somewhat  larger,  in 
which  case  they  are  characterised  by  an  elongated  form  and  distinct  cleavage.  On 
account  of  the  smallness  of  the  grains  no  single  individual  could  be  separated,  and 
further  information  could  be  obtained  only  by  means  of  the  microscope.  I  will, 
however,  first  describe  the  general  appearance  of  the  jadeite. 

The  colour  of  all  specimens  under  my  observation  is  a  clear  snow-white  on  fresh 

^        ,   L       X  fracture ;  this  monotonous  white  is,   however,  relieved  by 

General  characters.         ,        ..,  ,  u  *  .  .  •  \     ,  ,/ 

beautiful  emerald-green  spots,   which  represent  the  really 

valuable  part  of  the  stone.  They  are  of  variable  size,  being  sometimes  as  Urge  as 
a  lentil  or  a  pea,  sometimes  attaining  a  diameter  or  several  centimetres.  The 
colour  is  in  many  cases  very  intense,  but  in  others  again  quite  pale,  at  times  forming 
a  faint  film-like  covering  over  larger  or  smaller  portions  of  the  surface.  As  it  ap- 
proaches the  white  mass  of  the  rock,  the  colour  changes  abruptly,  without,  however^ 
there  being  any  well-defined  boundary  between  the  two.  The  green  colour  is  due  to 
the  presence  of  a  small  quantity  of  chromium,  for  powder  of  an  intensely  green  colour 
gives  an  unquestionable  Cu  reaction  before  the  blowpipe :  this,  however,  is  lest 
distinct  when  paler  powder  is  used,  and  is  entirely  absent  in  the  white  portions  of 
the  rock.  In  the  inner  portions,  when  fresh,  the  lustre  is  vitreous,  but  towards  the 
sur&tce  becomes  somewhat  duller.  The  fracture  is  uneven  and  splintery,  while  the 
hardness  exceeds  that  of  felspar,  but  is  not  so  high  as  that  of  quartz,  llie  tenacity 
is  not  very  high ;  at  some  places  splinters  can  be  easily  removed.  This  character 
varies,  however,  in  different  specimens,  and  at  times  even  in  the  same  specimen. 
This  I  believe  to  be  due  to  disintegration,  and  also  in  part  to  cataclysmic  structure, 
which,  as  we  shall  i^esently  see,  is  a  chamcteristic  feature  of  the  Jadeite  from 
Tammaw. 
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Special  care  was  exercised  in  the  determination  of  the  specific  gravity  owing  to 
^     .g  the  fact  that  in  samples  of  jadeite  from  Bhamo,  which  might 

perhaps  be  considered  identical  with  specimens  from 
Tammaw,  it  was  found  to  be  very  low.  The  average  specific  gravity  of  the  Tam- 
maw  jadeite  is  about  3*3,  while  Issel  gives  that  of  two  specimens  of  green 
jadeite  from  Bhamo,  as  3*10,  which  corresponds  with  the  values  obtained  by  Damour. 
Mallet  states  that  the  s.g.  of  the  Tammaw  jadeite  is  3*34.  Six  specimens  of  differ- 
ent degrees  of  coarseness  served  for  my  observations.  In  all  of  them  the  s.g.  is 
high,  and  averages  about  3-3,  being  sometimes  higher,  sometimes  lower.  By  means 
of  the  hydrostatic  balance  and  the  pyknometer  the  following  figures  were  obtained : — 
3*338,  3*333,  3*330.  3*329i  3*327,  3'325.  No  connection  could  be  traced  between 
the  specific  gravity  and  the  texture  of  the  rock.  This  variation  of  the  s.g.  is  prob- 
ably due  to  small  differences  in  the  chemical  composition.  It  is,  however,  difficult 
to  explain  the  wide  divergence  of  the  results  obtained  by  Issel,  Damour  and  others, 
and  only  by  the  examination  of  the  s.g.,  chemical  composition  and  microscopic 
characters  of  further  material  can  we  hope  to  solve  this  difficulty.  All  this, 
however,  should  of  course  be  done  for  one  and  the  same  piece. 

Dr.  Busz  has  made  an  analysis  of  one  of  the  coarse-grained  pieces  (s.g.=:  3*332), 
.  using  as  fresh  and  pure  a  portion  of  the  rock  as  could  be 

Chemical  composition.     ^^^^^^^^^    j^e  results  of  his  analysis  are  given  under  I. 
He  specially  notes  the  absence  of  chromium  and  oxides  of  iron. 


I. 

II. 

III. 

IV.             V. 

SiO, 

58-46 

5927 

57-63 

58-99          5945 

AI.O3      . 

aS7S 

35-33 

24*10 

2477           2432 

Fe,03       .        , 

*•• 

... 

••• 

.32               36 

CaO         .        , 

•63 

•6a 

•62 

'14                '22 

Mg  0 

•34 

•48 

•48 

Traces. 

FeO 

71 

71 

•••                ... 

Na,0 

I3'93 

i3'8a 

I3*8a 

I4SI           14-42 

Loss           • 

TOO 

•*. 

... 

ri4            IIS 

100-11         ioo'23  97-36  99*87  99-92 

The  figures  obtained  by  my  analysis  (I)  very  nearly  agree  with  those  obtained 
by  Damour  from  a  jadeite  from  Asia  (II).  If  we  adopt  the  views  expressed  by 
E.  Cohen  (Neues  Jahrb.  far  Min.,  etc.,  1884,  Vol.  I,  p.  47)1  the  jadeite  under  ex- 
amination as  well  as  that  analysed  by  Damour  would  have  the  following  composi* 
tion: — 90" I  per  cent,  of  Na^  O,  Alg  Oj,  4  Si  Oj,  4'59  per  cent,  of  Mg  O,  Al^  O3, 
4  Si  Oa,  1-28  per  cent,  of  Ca  O,  Si  Oj.  On  the  other  hand  the  silicate  Fe  O, 
Si  Og,  which  has  been  found  in  most  other  jadeites,  is  entirely  absent,  while  in 
that  from  Asia  1*3  per  cent. is  present.  Column  III  represents  the  average  of  land 
II,  while  IV  and  V  give  the  figures  obtained  by  Oliver  C.  Farringdon^  from  an 
analysis  of  jadeite  from  Mogaung. 

The  microscopic  examination  shows  that  the  ground-mass  is  composed  of  a 

...  confused  aggregate  of  irregular  prisms,  varying  in  size; 

Microscopic  characters.      ^^^^.^  ^^^^^^   ^^^  ^^^^^^  ^^^^  .^  ^^^^  cases  the  same, 

and  nearly  equal  to  i  mm.,  but  as  a  rule  the  prisms  are  elongated,  their  length  con- 
siderably exceeding  their  breadth*    In  no  case,  however,  did  I  observe  a  breadth 

^  Proceedings  of  the  U.  S  Nat.  Museum,  Washin<^ton,  1894,  Vol.  XVII,  No.  981, 
pp.  89— 31- 
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of  less  than  0*1  mm.    The  ground-mass  of  the  jadeite  is  perfectly  pure,  and 
without  a  trace  of  any  accessory  mineral.    The  prisms  are  perfectly  colourless, 
except  at  the  boundary  between  two  individuals  or  along  small  cracks,  where 
a  slight  discolouration  may  be  seen,  probably  due  to  subsequent  infiltjation.    The 
green  spots  always  retain  their  colour  even  in  slices :  it  is,  however,   very  pale, 
even   in  cases  in  which  it   ^as  originally  intense.     In  very  pale  sections   no 
pleochroism  is  noticeable,  but  thicker  slices  are  slightly  dichroic,  the  colours 
ranging  from  a  bluish  to  a  yellowish  green.    The  prisms  are  at  times  colourless 
in  places.    In  the  centre  of  the  green  spots  they  are  coloured,  but  as  they  ap- 
proach the  surrounding  white  ground  mass,  they  begin  to  lose  their  colour^  and 
become  partly  green  and  partly  white.    Hence  we  see  that  the  green  patches  in 
the  white  ground  cannot  be  due  to  an  aggregation  of  green  mineral  grains  at  cer- 
tain spots,  but  we  must  imagine  local  inpregnations  10  have  taken  place  by  means 
of  a  colouring  matter  containing  chromium  in  solution.    This  permeates  each  spot 
with  such  uniformity  that  it  does  not  appear  to  have  any  well-defined  form  even 
under  the  highest  powers  of  the  microscope.    The  green  prisms  are  exactly  similar 
in  every  respect  to  the  white  ones,  with  the  sole  exception  of  their  different  colour. 
No  pitting  of  the  surface  can  be  noticed,  the  crystals  appearing  perfectly  smooth  : 
hence  their  refractive  index  is  not  high.     Very  minute  liquid  enclosures  are  locally 
numerous,  occurring  at  some  spots  in  aggregates  of  several  individuals :  more  often, 
however,  they  are  entirely  absent.    The  characteristic  cleavage  of  augite  is  very  fre- 
quently extremely  well-marked.   In  cross-sections  the  two  cleavages  intersect  almost 
at  right  angles.    The  angle,  however,  depends  of  course  on  the  direction  in  which 
the  section  has  been  cut.    In  none  of  my  observations  could  1  discover  any  differ- 
ence in  the  two  prismatic  cleavages,  which  appear  to  be  everywhere  equally  perfect. 
Hence,  the  cleavage  of  jadeite  certainly  does  not  justify  us  in  including  it  among 
the  Iriciinic  minerals.    In  addition  to  prismatic,  pinacoidal  cleavage  also  occurs, 
and  still  more  frequently,  a  cleavage  transverse  to  the  prismatic  zone  similar  to  that 
of  diopside  and  other  pyroxenes.    The  angle  between  the  cleavage  in  this  direction 
and  that  parallel  to  the  prism  faces  is  about  9P°     I  obtained  values  up  to  96°,  but 
this  angle  depends  of  course  on  the  direction  in  which  the  slice  has  been  cut.  These 
cleavages  frequently  subdivide  the  prisms  into  single  segments,  having  a  strong 
resemblance  10  cross-sections  of  the  prisms.    They  differ,  however,  from  the  latter 
in  being  less  regular. 

In  polarised  light,  the  prisms  show  very  vivid  interference  colours.  On  sections 
with  oblique  extinction,  the  angle  of  extinction  is  very  high,  rising  to  40®,  Numerous 
longitudinal  sections,  however,  have  straight  extinction,  one  direction  being  parallel 
to  the  cleavage  and  the  other  normal  to  it.  In  convergent  polarised  light  the  per- 
fectly transparent  crystals  give  very  fine  and  clear  interference  figures,  while  owing 
to  the  thinness  of  the  slide  the  narrow  rings,  as  well  as  the  vivid  polarisation  colours 
in  parallel  light,  indicate  a  strong  double  refraction.  According  to  the  direction  in 
which  the  section  has  been  cut,  these  figures  show  the  well-known  differences  in 
shape.  On  longitudinal  sections,  however,  with  straight  extinction,  one  or  two  axes 
always  undergo  dispersion,  with  a  wide  axial  angle,  and  the  plane  of  the  optic  axis 
is  parallel  to  the  cleavage  and  perpendicular  to  the  direction  in  which  the  section 
has  been  cut.  If  we  include  jadeite  in  the  monoclinic  system,  then  these  sections 
axe  parallel  to  the  axis  of  symmetry  and  the  axial  plane  becomes  the  plane  of 
symmetry.    The  above  optical  property  is  intimately  connected  with  the  crystaN 
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line  form,  and  corresponds  to  that  of  all  other  monoclinic  pjrozenes,  which,  with* 
out  exception,  show  inclined  dispersion.  This,  however,  cannot  be  observed  in  the 
case  of  jadeitCi  owing  to  its  wide  axial  angle.  If,  on  the  other  hand,  we  place 
jadeite  in  the  triclinic  system,  these  optical  properties  will  be  anomalous.  It  seems 
therefore  impossible  to  suppose  that  the  mineral  belongs  to  that  system.  It  is  true 
that  in  cross-sections,  the  directions  of  extinction  are  frequently  not  symmetrical  to 
both  cleavages.  This  symmetry,  however,  is  found  in  the  monoclinic  system  only 
when  the  direction  in  which  the  slice  has  been  cut  is  parallel  to  the  axis  of  symme- 
try. Otherwise,  the  direction  of  extinction  forms  different  angles  «ith  the  two  sys- 
tems of  cleavage,  and  the  difference  of  the  angles  depends  on  the  more  or  less 
symmetrical  position  of  the  cleavage  prism  with  regard  to  the  plane  in  which  the 
Fection  has  been  cut.  The  optical  symmetry  is  therefore  no  proof  of  the  triclinic 
character  of  the  mineral ;  and  in  our  special  case  has  absolutely  no  weight,  inas- 
much as  cross  sections  also  occur  showing  optical  symmetry.  The  above  refers 
chiefly  to  the  properties  of  a  single  individual  of  jadeite.  These,  however,  are  fre- 
quently intergrown,  and  at  times  occur  as  a  number  of  long  prisms,  forming  a 
divergently  radiating  group  with  interpenetration,  and  producing  a  perfectly  uni- 
form gronndmass.  The  longitudinal  axis  of  the  prisms  do  not  point  in  any  one 
direction  more  than  in  another,  hence  the  groundmass  consists  of  an  aggregate  of 
completely  directionless  individuals.  In  none  of  the  specimens,  however,  is  the 
original  structure  entirely  unchanged.  Frequently  it  is  locally  very  distinct,  but 
equally  frequently  it  is  more  or  less  disturbed,  in  which  case  the  prisms  are  no 
longer  straight,  but  become  more  or  less  curved,  and  not  infrequently  distorted  and 
broken :  the  fragments  are  then  pushed  out  of  place  and  a  differently  oriented 
'substance  squeezed  in.  The  distorted  prisms  frequently  exhibit  at  their  ends  a 
sort  of  fringing,  which  like  the  distortion  is  the  result  of  mechanical  action.  The 
result  of  this  action,  however,  is  not  merely  bending  and  distortion,  or  fracture  and 
fringing  at  the  ends,  but  it  even  extends  to  the  total  smashing  of  the  entire 
groundmass,  which  then  no  longer  consists  of  elongated  prisms,  but  becomes  an 
"aggregate-polarising"  agglomerate  of  small  grains,  which  are  the  remains  of 
the  crushed  prisms.  Some  of  the  prisms  still  remain  in  the  fine-grained  aggregate, 
but  they  clearly  exhibit  bending,  distortion  or  some  form  of  deformation.  Some- 
times it  is  possible  to  trace  a  transition  from  the  fine  grains  to  the  complete  prisms. 
In  fact,  this  is  one  of  the  finest  instances  of  cataclysmic  structure,  which  can  only 
be  explained  by  means  of  violent  compression  of  the  already  formed  rock.  The 
structure  is  of  course  better  developed  in  some  specimens  than  in  others ;  but 
wherever  it  is  well-marked,  two  other  phenomena  may  be  observed  in  those  jadeite 
'  prisms  which  have  been  preserved  :  these  are  evidently  due  to  the  same  causes 
as  the  cataclysmic  structure.  One  of  these  phenomena  is  an  undulating  extinction 
which  is  apparently  attributable  to  a  slight  deformation  of  the  jadeite  prisms. 
The  other  is  polysynthetic  twinning,  so  similar  to  that  of  plagioclase,  that  at  first 
glance  the  twinned  jadeite  crystals  might  easily  be  mistaken  for  that  mineral. 
The  jadeite  twins,  however,  gradually  pass  into  single  prisms,  and  the  general 
properties  of  the  twinned  crystals  are  so  exactly  similar  to  those  of  the  single 
individuals  that  no  doubt  of  their  identity  can  be  entertained.  The  twin  lamell»  are 
not  very  broad  :  in  fact,  as  a  rule,  they  are  narrow ;  they  are  always  numerous,  more 
particularly  in  the  latter  case.  Twinned  prisms  ate  frequently  bent  throughout  and 
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fringed  at  tbe  ends.  It  appears  that  the  twins  are  most  numerous  in  the  portions  that 
have  suffered  the  greatest  crushing,  and  are  absent  where  the  effects  of  pressure 
are  not  well  marked.  We  must  conclude,  therefore,  that  under  favourable  con- 
ditions crushing  and  pressure  would  produce  in  the  jadeite  a  re-arrangement  of  the 
molecules  into  twins,  similar  to  that  observed  in  calcite.  This,  however,  must  have 
happened  only  in  rare  cases,  for  it  had  not  hitherto  been  observed.  The  twinning^ 
plane,  which  in  this  case  must  be  looked  upon  as  a  fault-plane,  is  distinctly  seen  to 
be  a  transverse  plane,  conesponding  to  that  otherwise  observed  as  a  twinfting-plane 
in  pyroxene, 

a.  Serpeniine.^The  groundmass  of  the  serpentine  is  dense,  appearing  completer 

Serpentine.  ly  homogeneous,  with  a  very  dark,  somewhat  brownish-green 

General  appearance,     colour,    which    spreads    evenly  over  the    whole    surface. 

Fracture  uneven  and  splintery.    Hardness  considerable,  exceeding  that  of  pure 

serpentine :  apatite  is  distinctly  scratched  in  some  instances.  Under  the  microscope 

Microeco  ic characters.     *^  ^^^^  ^  ^^^  anomaly  is   at   once   evident;  for  the 
^  specimen   is   seen    to   be   an    altered   olivine-rock,   the 

alteration  of  which  into  serpentine  is  not  quite  complete,  but  the  process  of  serpen- 
tinisation  is  proceeding  in  the  usual  manner  along  cracks  and  fissures.    In  micros- 
copic sections,  the  olivine  is  perfectly  colourless  and  transparent :  in  thick  slices, 
.  however,  it  shows  a  greenish-yellow  tinge.     It  forms  an 

aggregate  of  rather  coarse  grains,  which  in  several  instances 
have  a  diameter  of  more  than  i  cm.  They  are  always  irregularly  circular,  no  indi- 
cation of  crystal  faces  being  traceable.  Between  the  larger  grains,  which  through- 
out the  slide  extinguish  simultaneously,  occur  aggregates  of  very  minute,  confused 
and  variously  oriented  grains,  which  appear  to  be  derived  from  larger  olivine  grains. 
This  phenomenon  seems  to  be  analogous  to  the  cataclysmic  structure  of  the  jadeite, 
a  view  which  is  supported  by  the  fact  that  the  serpentine  possesses  other  properties 
which  are  undoubtedly  due  to  mechanical  pressure.  The  olivine  individuals  and  also 
the  aggregates  formed  by  the  small  grains  are  intersected  in  the  usual  manner  by 
^  strings  of  serpentine  of  a  greenish-yellow  colour,  which 

^^^^  '°^'  usually  show  a  distinct  and   very  &ie  fibrous  stnicture» 

running  in  most  cases  parallel  to  the  walls  of  the  small  fissures :  in  a  few  casest 
however,  they  are  perpendicular  to  the  walls.  The  rock  is  therefore  a  fibrous 
serpentine,  very  similar  to  chrysotile,  and  closdy  resembles  it  in  the  vividness  of  its 
polarisation  colours.  In  microscopic  slices  these  rise  to  the  blue  of  the  and  order, 
bat  by  a  combination  of  several  fibres  lying  one  upon  the  other,  fall  at  times  to  an 
iron-grey  of  the  ist  order.  In  all  fibres,  the  direction  of  extinction  is  parallel  to  tbe 
fibres,  corresponding  to  the  axis  of  least  elasticity  as  in  the  case  of  chrysotile.  Tbe 
strings  intersect  each  other  very  irregularly  as  a  rule,  but  occasionally  cross  in 
straight  lines  at  right  angles  to  one  another,  in  which  case,  when  the  olivine  appears 
dark  in  polarised  light,  a  regular  mosaio-like  structure  is  produced.  With  the 
ttiception  of  numerous  small  black  grains,  with  metallic  lustre,  no  other  minemls  bnt 

olivine  and  serpentine  can  be  seen.    These  black  grains 
J^e^^^nlSifiwnu.     ^^^  *  diameter  of  1  mm.,  are  magnetic,  and  hence  are 

probably  magnetite,  B.  b.  they  give  no  titanium  reaction. 
Some  ^f  tbe  graJiis  are  not  magnetic,  and  in  the  borax  befid  give  ^  marked  Cr* 
ffliptign :  t)iey  mttft  Iherefote  be  chremiie  or  pfcotitfi  most  probably  the  forma,  %a 
they4ld90tapp!eaFtPtepaiticHlarly  bard-    These  grains  are  unquestionably  the 


gb  Records  of  the  Geological  Survey  of  India.      [vol.  XXvitl. 

source  of  the  Cr.  which  permeates  portions  of  the  jadcite,  producing  the  green  patches. 
In  the  specimens  under  observation,  however,  no  mineral  can  be  identified  as 
chromite  or  picotite  ;  if,  however,  a  larger  number  of  specimens  were  examined, 
I  have  no  doubt  that  sections  of  both  minerals  would  be  found.  Under  the 
microscope,  the  grains  of  magnetite  exhibit  very  regular  octahedral  outlines ;  they  are 
sometimes  single,  but  not  infrequently  form  parallel  aggregates  of  small  individuals, 
which,  however,  are  not  true  skeleton  crystals.  The  whole  of  the  magnetite  is 
always  found  among  the  serpentine  fibres,  and  not  a  trace  can  be  discovered  in 
the  fresh  unaltered  olivine  :  it  is  therefore  unquestionably  a  secondary  product  of 
the  alteration  of  the  olivine  into  serpentine.  A  specimen  of  the  serpentine  rock, 
.^         .,  which  had  been  freed  as  much  as  possible  from  magnetite. 

Specific  gravity.  roOTr  *u^u  r 

gave  a  s.  g.  of  2*838.    If  we  take  the  s.  g.  of   pure  ser- 
pentine as  being  that  of  the  pikrolite  from  Amelose,  z'/g.,  2*551,  and  further  if  we 
take  the  s.  g.  of  pure  unaltered  olivine  as  being  that  of  chrysolite  from  the  East, 
vh*^  3»33i,  we  deduce  from  the  s.  g.  of  the  serpentine  from  Tammaw  (2838), 
the  fact  that  it  contains  43' 19  per  cent,  by  weight  of  olivine 
Composition.  ^^^  ^g.g^  ^^  ^^^^   ^f  serpentine.    The  percentage    by 

volume  being — 

Olivine         ....  3^79  per  cent. 
•Serpentine  «...  63-21     „      ,, 

These  figures  are  of  course  not  absolutely  correct,  but  give  a  very  fair  idea  of  the 

composition  of  the  groundmass,  and  certaioly  prove  that  not  more  than  one  half 

of  the  original  olivine  has  been  altered  into  serpentine.    The  newer  portions  of 

pure  serpentine,  usually  observed  in  connection  with  this  form  of  alteration,  are 

AOt  absent  in  the  present  case.    Strings  of  pikrolite,  in  particular^  may  be  seen 

running  through  the  rock.    These  veins  are  of   lighter 

*  ^^ '  ^'  colour  than  the  chief  mass  of  the  xock,  and  are,  as  a 

rule,  very   narrow.    Some,  however,  attain  a  thickness  of  nearly  2  cm.    Some 

specimens,    the  outer  surface  of    which  is  composed  of  pikrolite^  exhibit  the 

characteristic  course,  straight,  striated   appearance,  producing   the   effect  of   a 

slickenside;  and  one  of  these  specimens  gives  unmistakable  evidence  of  the 

tremendous  crushing  and  pressure  which  I  have  already  mentioned.    Numerous 

fissures  distorted  and  bent  and  sometimes  very  complicated  pass  right  across  the 

striations,  occasionally  dying  out  and  being  replaced  by  new  ones.    They  are  partly 

filled  with  finely  fibrous  serpentine,  resembling  chrysotile,  the  fibres  of  which  are 

usually  normal  but  sometimes  oblique  to  the  walls  of  the  fissure.    Occasionally  they 

contain  pikrolite,  of  varying  microstructure,  of  which  I  shall  speak  presently.    The 

strias  on  the  pikrolite  are  displaced  by  these  fissures,  producing  step-like  markings 

on  the  striated  surface.    Sometimes,  in  consequence  of  this  displacement,  single 

parts  are  forcibly  bent,  and  the  pikrolite  more  or  less  squeezed  into  the  olivine  and 

serpentine.    Evidence  of  the  same  crushing  may  also  be  seen  in  other  specimens 

of  the  serpentine.    In  one  case  the  result  is  a  number  of  thin  lamellae,  while  the 

-whole  mass  is  squeezed  into  an  irregularly  rounded  lenticular  form,  the  rock  having 

a  soapy  feel.    On  fresh  fracture,  the  pikrolite  has  faint  fatty  lustre,  but  on  the 

natural  surface  this  lustre  is  much  more  marked.    The  colour  is  light  green,  with 

•a  distinct  greyish  or  yellowish  tinge.    Only  very  rarely  is  the  colour  uniform, 

darker  patches  usually  occurring  here  and  there.    The  sur&ce  of  the  spedmens, 

ftUd  at  times  even  the  ^alls  of  the  inner  fissures^  are  covered  with  a  thin  layer  ol  ia 


PART  3.]       Bauer  :  Jadeite  and  other  rocks  from  Tanimaw.  97 

white  substance  of  lustre  varying  from  mother-of-pearl  to  fatty.  Like  the  serpentine 
fibres  which  intersect  the  olivine,  the  pikrolite  contains  much  magnetite  in  the 
form  of  irregular  grains,  some  of  which  are  as  large  as  a  pea  or  even  a  hazel-nut. 
I  have  found  no  non-magnetic  metallic  grains,  nor  could  I  obtain  any  Cr.  reaction. 
To  the  naked  eye  the  pikrolite  is  perfectly  opaque. 

In  places,  the  newly  formed  mineral  is  coarsely  fibrous,  the  fibres  being  bent 
and  curved,  and  the  mass  having  the  appearance  of  metaxite.  True  chrysotile, 
recognisable  by  its  peculiar  silky  appearance  and  metallic  lustre,  does  not  seem 
to  occur  in  large  quantities.  The  specimens  under  observation  show  indications 
of  it,  but  not  its  typical  development.  Under  the  microscope,  the  pikrolite  is  light 
yellow,  almost  colourUss,  and  not  pleochroic.  It  can  hardly  be  distinguished  from 
the  surrounding  Canada  balsam,  and  must  therefore  have  the  same  refractive  index. 
Brownish  patches  occur  here  and  there  in  the  colourless  groundmass,  these  are  due 
to  infiltration  of  hydroxide  of  iron.  Their  structure  is  always  radial  to  fibrous,  but 
the  fibres  are  not  so  fine  as  those  of  the  pikrolite.  Not  infrequently,  broader  fibres 
occur,  forming  divergent  clusters.  Like  the  single  rays  and  fibres  these  clusters 
cross  one  another  confusedly  at  various  angles.  Larger  grains  of  magnetite  are 
fairly  common,  always  quite  fresh  and  intimately  associated  with  the  rays  and  fibres, 
at  times  completely  surrounding  them  and  producing  the  effect  of  fiuidal  structure. 
The  polarisation  colours  are  blues  of  the  second  order,  and,  more  often,  iron-greys 
of  the  first  order. 

The  pikrolite  which  occurs  lin  strings  and  fissures,  differs  from  that  just 
described.  This  variety  is  formed  in  the  centre  of  small  radiating  fibrous  clusters, 
which  in  polarized  light  very  distinctly  show  the  black  cross  :  the  more  nearly  they 
approach  to  the  walls  of  the  fissures,  the  smaller  do  these  clusters  become  ;  and 
they  decrease  in  size  more  and  more,  iill  at  length  they  disappear,  becoming  so 
small  that  even  under  the  highest  power  of  the  microscope  (  x  600)  they  cannot  be 
individualised.  In  this  case,  the  whole  seemingly  structureless  mass  exhibits  in 
polarised  light  an  iron-grey  colour,  in  which  may  be  seen  here  and  there  a  black 
cross,  due  to  some  larger  clusters  embedded  in  the  minute  ones. 

I  have  already  mentioned  a  white  mineral  which  covers  the  surface  of  the 
plates  of  pikrolite  and  fills  up  the  fissures.  To  judge  from  its  mother-of-pearl 
lustre  and  soapy  feel  one  would  be  inclined  to  identify  it  as  talc.  Under  the 
microscope,  however,  it  is  seen  to  be  a  confused  mass  of  mineral  fibres  resembling 
pik  rolite  ;but  whether  it  is  fibrous  pikrolite  or  chrysotile  can  only  be  determined 
by  chemical  analysis,  for  which  the  material  at  my  disposal  is  not  sufiicient.  It  is 
highly  probable  that,  comparatively  speaking,  a  large  proportion  of  this  mineral 
composes  the  intermediate  layer  between  the  serpentine  and  the  jadeite.  Unfor* 
tunately,  however,  I  have  no  specimens  of  that  layer. 

Certain  other  substances  accompany  the  serpentine  in  small  quantities.  Grown 
over  the  pikrolite  are  small  blackish-brown  grains,  exactly  resembling  webskyite 
as  first  described  by  R.  Brauns.  This  mineral  was  discovered  in  some  serpentines 
derived  from  palseopikrite  from  Hessen,  Amelose  and  Reichenstein  in  Silesia.  In 
miscroscopic  slides,  these  grains  become  of  a  light  brown  colour  and  transparent, 
being  scarcely  affected  by  polarised  light.  Unfortunately  there  is  not  sufficient 
material  for  a  more  exhaustive  examination,  but  such  characteristics  as  I  have 
succeeded  in  observing,  agree  so  veil  with  webskyite  that  there  ^an  be  no  doubt  at 
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ta  their  identity,  and  R.  Brauns  ^as  therefore  conect  in  assigning  such  a  wide  dis- 
tribution to  that  mineral.  In  addition  to  the  above  mineral,  there  occur  small 
rounded  or  string-like  and  very  fine-grained  portions  of  a  mineral  of  yellowish 
colour,  not  affected  by  hydrochloric  acid.  This  may  possibly  be  a  homstone  quartz, 
such  as  is  frequently  found  in  serpentine.  Carbonates,  which  are  not  uncommon 
in  serpentines,  are  entirely  absent,  for  no  trace  of  effervescence  could  be  observed 
either  with  hot  or  cold  HCI. 

3.  Alhitt'hornhUnde  rock, — The  only   specimen  under  my  observation  is  of 

Albite-hornblende       &bout  the  size  of  the  fist,  and  apparently  formed  part  of  a 
rock.  large    boulder  exhibiting  both  rolled  surfaces  and  fresh 

General  appearance.  f,^cture.  The  rolled  surface  is  brown  owing  to  impregna- 
tion by  hydroxide  of  iron,  the  coloration  extending  for  some  distance  within  the 
rock,  but  gradually  fading  and  eventually  disappearing.  At  the  first  glance,  one 
would  be  inclined  to  identify  this  rock  as  a  saussuritic  gabbro,  owing  to  the 
appearance  of  the  fractured  surface.  The  fine  white  sugary  groundmass  contains 
grains  of  a  brown  mineral,  which  cleaves  easily  and  has  a  metallic  lustre  on  the 
cleavage  faces.  Examination  proved,  however,  that  these  two  component  parts 
are  neither  saussurite  nor  diallage,  and  hence  the  rock  is  not  a  saussurite  gabbro, 
but  represents  a  new  type.  The  beautiful,  snow-white  groundmass  is  almost  in- 
distinguishable from  some  saussurites,  as,  for  example,  from  that  of  Hamberge 
near  Frankinstein  in  Silesia.  It  has  the  hardness  of  felspar,  and  fuses  with  great 
Specific  gravity  difl&culty  before  the  blowpipe.    The  s.g.  of  two  fragments 

were  2*599  ^^^  ^'57^>  which  gave  an  average  of  2*587. 
Under  the  microscope,  the  groundmass  is  seen  to  be  a  homogeneous  aggregate 

Microscopic   charac-    ^^  ^^  ^^^^^  irregularly  rounded  grains,  varying  in  size 
ters.  from  *o2"^  to  a  fourth  or  fifth  of  that  size.  These  grains  are 

^^^''®*  almost  perfectly  pure;   enclosures  being  entirely  absent, 

with  the  exception,  perhaps,  of  a  few  small  liquid  enclosures  with  moveable  bubbles. 
The  grains  are  perfectly  transparent  and  colourless,  and  between  them  occur 
foreign  particles,  which,  however,  are  never  included  in  them.  The  white  grains 
show  no  cleavage  faces,  but  are  crossed  in  one  direction  by  a  series  of  fine  cracks, 
indicating  a  perfect  cleavage.  In  some  cases  numerous  fine  twin  lamell»  of 
plagioclase  occur :  these,  however,  are  not  very  common.  The  polarisation- 
col6ars  are  very  vivid,  and  the  surface  of  the  grains  is  perfectly  smooth  and  with- 
out any  pitted  appearance.    Some  grains  give  the  interference  figures  of  biaxial 

'  crystals,  with  a  wide  axial  angle,  which,  however,  cannot  be 

tion.  ^^         «>™Po»>-     measured.    According  to  the  analysis  of  Mr.  Bosz,  the 

white  groundmass  is  composed  of — 

I  n 

SiO,  64-tfo  68'6a 

A1,0,  19-93  19*56 

K«0  roa  

Na^O  14*01  1 1 '82 

99SS  loooo 

It  is  therefore  unquestionable  that  this  represenU  an  aggregate  of  aibite  grains 
most  of  which  are  single  individuals.    This  view  is  also  borne  out  both  by  the 
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chemical  and  physical  properties  of  the  mineral.  The  composition  certainly 
appears  to  differ  somewhat  from  that  of  pnre  albite  given  under  No.  II,  but  we 
mnst  remember  that  the  groundmass  is  not  entirely  composed  of  pure  albite,  but 
also  contains  the  foreign  particles,  of  which  we  shall  presently  speak.  The  gronnd- 
mass  is  slightly  affected  by  HCl.,  and  although  albite  has  been  stated  to  remain 
unaffected  by  this  acid,  it  is  undoubtedly  acted  on  to  a  certain  extent. 

The  brown  mineral  resembling  diallage,  scattered  through  the  white  ground- 
mass,  has  been  proved  to  be  hornblende.  It  occurs  in 
single  crystals  of  various  sizes,  the  largest  being  nearly 
4  cm.  by  2  cm.  This,  however,  is  less  than  the  original  size  of  the  crystal  which  was 
on  the  sur&ce  of  the  specimen  and  has  been  considerably  broken.  As  a  rule,  the 
crystals  are  smaller,  but  are  always  as  large  as  a  pea.  They  are  not  numerous, 
being  scattered  throughout  the  rock.  Their  outline  is  generally  irregular,  although 
at  times  rough  crystal  faces  can  be  made  out.  The  colour  is  that  of  brown  hair, 
but  sometimes  grey,  and  the  cleavage  faces  have  a  metallic  lustre,  resembling 
diallage  or  bronzite.  Each  crystal  is  bounded  by  a  green  margin,  while  the  surround- 
ing groundmass  is  also  coloured  green.  In  both  cases,  this  coloration  is  due  to 
numerous  microscopic  enclosures  to  which  I  shall  presently  refer.  In  all  these 
hornblende  crystals,  one  of  the  two  very  well  marked  cleavage  kces  is  unusually 
large,  and  thus  gives  the  crystal  its  resemblance  to  diallage  or  bronzite.  Th^ 
second  cleavage  is  everywhere  equally  perfect,  and  these  two  meet  at  an  angle  of 
124^  47',  the  characteristic  angle  of  hornblende.  This  value  was  obtained  b> 
measuring  three  se  parate  splinters,  and  in  every  case  the  results  only  differed  by  a 
few  minutes.  On  one  of  those  splinters  a  broad  plane  was  observed  truncating 
the  obtuse  prism  edges ;  this  plane  corresponds  to  the  orthopinacoid  (100,  oo^oo) 
The  hornblende  showed  no  signs  of  fibrous  structure. 

Owing  to  the  small  amount  of  material  at  my  disposal,  I  was  unable  to  make  an 
analysis.  The  green  margin,  however,  as  well  as  those  parts  of  the  albite  ground- 
mass  which  surround  the  hornblende  crystals,  gave  with  borax  an  unmistakable 
Cr.  reaction ;  but  no  Cr.  could  be  detected  either  in  the  brown  or  greyish  portions 
of  the  jiomblende  or  in  the  white  albite.  The  micro-chemicat  examination  of  the 
hornblende  proved  the  presence  of  silica,  magnesia,  lime,  iron,  and  a  little  alumina 
but  no  alkalies.  The  average  s.g.  of  the  brown  splinters  was  obtained  in  methy- 
lene iodide,  and  proved  to  be  3-10,  being  the  average  of  two  separate  operations. 
These  figures,  as  well  as  the  cleavage  and  the  other  properties  of  the  mineral, 
enable  us  to  identify  it  with  hornblende.  In  the  Bunsen  flame  small  splinters  are 
slightly  discoloured  but  do  not  melt.  They  melt  easily,  however,  before  the  blow- 
pipe, fusing  to  a  grey  non-magnetic  glass.  Iron  must  therefore  be  present  in 
small  quantities.  Extinction  is  straight,  parallel  to  the  very  distinct  cleavage- 
fissures.  Thicker  slices  exhibit  very  distinct  pleodiroism,  which,  however,  entirely 
disappears  in  thin  sections.  The  vibrations  parallel  to  the  axis  of  symmetry,  and 
therefore  perpendicular  to  the  cleavage  cracks,  are  light  brownish-red,  while  those 
paxaUel  to  the  cleavage  are  light  yellow,  and  those  perpendicular  to  both  are  light 
bottle-green.  These  colours  differ  but  slightly  in  intensity,  while  the  colour 
changes  from  red  to  green  or  yellow  according  to  the  durection  in  which  the 
hornblende  crystals  have  been  cut  Occasionally,  especially  at  tiie  margin  of  the 
.crystal,  the  colour  becomes  a  deep  bottle-green  or  even  emerald  green  :  this  as 
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most  probably  due  to  infiltration  of  a  foreign  substance  containing  Cr.    These 
greenish  patches  gradually  pasR,  without  well-defined  margins,  into  the  differently 
coloured  parts.  Cross  sections  having  the  characteristic  hornblende  cleavages  inter- 
secting at  124%  extinguish  diagonally,  while  the  pleochroism  varies  from  brownish- 
red  to  green.    On  longitudinal  sections,  the  angle  of  extinction  is  as  much  as  19^ 
In  the  boundary  zone  between  the  hornblende  crystals  and  the  albite,  a  large 
.number  of  needles  of  a  green  mineral  occur.    These  are 
"^*  ^'  most  numerous  along  the   boundary,    and    decrease   in 

number  on  each  side  of  it,  thus  producing  intensely  green  bands  round  the  horn- 
blende crystals.    In  the  albite  aggregate,  these  needles  lie  in  all  directions  between 
the  albite  grains,  but  are  never  enclosed  by  them.    In  the  hornblende,  they  not 
infrequently  lie  parallel  to  the  cleavage,  but  more  often  they  are  disposed  quite  at 
random  obliquely  to  the  cleavage  fissures.    They  are  always  straight,  and  their 
length,  as  a  rule,  is  three  or  four  times  their  breadth  in  the  broader  needles,  while 
in  the  narrower  ones  the  length  is  much  greater.    Their  sides  generally  consist  of 
sharp  straight  lines ;  sometimes,  however,  both  edges  are  slightly  curved,  thus  pro- 
ducing spindle-shaped  sections.    If  the  ends  are  not  pointed,  they  are,  as  a  rule, 
rough  and  irregularly  indented,  but  never  fringed  nor  bifurcating.    The  oblique 
extinction  is  important,  and  rises  to  as  much  as  36°.     Not  infrequently  square 
cross  sections  may  be   seen,  at   times   extinguishing    parallel   to    the    edges. 
Cleavage  is  probably  present,  but  it  is  not  well-defined.     Transverse  fractures 
obliquely   inclined   lo   the   longitudinal   axis  are   common.     The  characteristics 
above  enumerated  enable  us  to  identify  this  mineral  with  augite.    The  colour  of 
the  larger  prisms  is  an  intense  bottle-green  to  emerald-green,  and  thus  produces 
the  green  zone  already  mentioned  as  occurring  round  the  hornblende  crystals. 
The  narrower  needles  are  of  lighter  colour,  while  the  narrowest  are  almost  colour- 
less.   As  a  rule,  the  pleochroism  is  faint,  the  colours  varying  between  closely 
related  shades  of;  green.    The  broadest  needles,  however,  occasionally  show  a 
pleochroism  ranging  through  bottle-green  and  dark  greyish-blue  to  colourless. 
All  are  perfectly  clear  and  transparent,  and  entirely  free  from  inclusions.    This 
mineral  is  most  probably  a  pyroxene,  closely  related  to  diopside  or  sahlite,  which 
derived  its  green  colour  from  a  small  percentage  of  Cr.,  and  is  in  fact  a  chrome 
diopside.    Unfortunately  the  scarcity  of  the  material  precludes  a  more  searching 
examination  of  this  mineral. 

I  have  already  mentioned  that  a  small  number  of  brown  crystals  may  be  seen 
Rhombic    pyroxenes     between  the  albite  grains.    These  show  numerous  cleavage 
and    other    accessory     cracks,  parallel  to  which  straight  extinction  occurs.    They 
"**"•'**••  consist  of  oblong  plates  of  about   Jmni.    in  length,  the 

cleavage  running  parallel  to  the  longer  axis.    This  is  most  probably  a  rhombic 
pyroxene,  not  very  rich  in  iron,  very  possibly  bronzite. 

Lastly,  under  a  moderately  high  power,  a  very  fine-grained  aggregate  may  be 
seen,  scattered  here  and  there  among  the  grains  of  albite,  and  running  in  fine 
strings  into  the  hornblende  crystals.  This  is  always  associated  with  a  large  number 
of  the  green  to  colourless  augite  crystals  already  described,  which  are  particularly 
numerous  in  this  aggregate.  In  thin  sections,  under  a  high  power,  these  aggregates 
are  seen  to  be  clusters  of  minute  radial  fibrous  spherulites,  which  between  crossed 
nicold  showi  mOre  or  less  distinctly,  the  characteristic  black  cross.    The  subBtance 
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is  colourless  and  gives  very  vivid  polarisation  colours,  bat  cannot  be  more  accu< 
lately  determined. 

From  the  above  description,  it  is  evident  that  the  specimen  under  considera- 
tion is  an  albite-homblende  rock,  in  which  the  albite  grains  form  a  dense  groand- 
mass,  containing  porphyritic  hornblende  crystals.  The  remaining  minerals  have  no 
particular  share  in  the  composition  of  the  rock,  and  are  therefore  merely  accessory 
constitnents. 

4.  Homhtende-glaucophane  rrAix/.— This  specimen  has  a  dark  brown  surface,  in 

Hornblende-eUnco-        ^™®  places  rough  and  in  others  smooth,  but  apparently  not 
phane  schist.  much  rolled.     It  is  a  schistose  rock  of  an  intense  emerald 

General  appearance.  ^^  grass-green  colour,  and  bears  a  strong  resemblance  to 
^maragdite.  A  closer  examination,  however,  at  once  reveals  the  fact  that  it 
represents  an  aggregate  of  greyish  hornblende  individuals,  largely  permeated  by 
green  enclosures,  which  impart  to  it  its  remarkable  colour.  I'he  greyish  portions 
pass  in  places  into  a  deep  green,  but  in  other  places  again  the  green  colouring 
matter  is  entirely  absent.  The  hornblende  individuals  are  most  irregularly  inter- 
mixed,  and  show  no  signs  of  definite  arrangement.  They 
attain  a  length  of  as  much  as  3,  and  breadth  of  as  much 
as  2  cm.  They  have  no  definite  crystalline  outlines,  but  their  cleavage  is  perfect, 
the  angle  between  the  two  prismatic  cleavages  averaging  I24j*.  This  angle  could 
not,  however,  be  accurately  ascertained,  owing  to  the  frequent  distortion  of  the 
prisms,  which  at  times  even  causes  a  fringing  of  the  ends.  The  orthopinacoid  was 
observed  on  one  of  these  prisms ;  it  gives  rather  indistinct  cleavage,  and  sharply 
and  straightly  truncates  the  obtuse  prism  edges.  Thin  splinters  melt  in  the 
Bunsen  flame ;  the  thicker  ones  easily  fuse  before  the  blowpipe,  forming  a  green- 
ish-grey non-magnetic  glass.  It  is  not  acted  on  by  HCl.,  either  before  or  after 
fusion.  The  s.  g.  of  the  xohole  waxx— not  that  of  the  pure  hornblende— was 
obtained  from  two  pieces  of  the  rock,  the  values  being  3*113  and  3*  126.  I  endea. 
voured  to  obtain  the  s.  g.  of  the  hornblende  after  removing  the  green  parts,  but 
it  was  not  possible  to  separate  the  green  colouring  matter  from  the  greyish  horn* 
blende. 

I  could,  therefore,  only  ascertain  the  chemical  composition  of  the  whole  mass, 

^. .    ,  ...  and  not  that  of  the  pure  hornblende.    As  we  have  seen, 

Cbemical  composition.      .  «.,        .,  ,  ,.«       ,.       ,.      , 

however,  that  the  whole  rock  consists  chiefly  of  hornblende, 

containing  only  emerald-green  crystals,  the  following  figures  will  represent  the 

chemical  composition  of  the  hornblende.    Mr.  R.  Busz,  who  made  analysis  I, 

obtained  the  following  results  :— 

I.  II. 

S'  Oi  • S3S3  5876 

Crlo,  }     •        •        •        •        •        •  5«o  ia-99{Al,0,). 

Pe  O  .         •         .         •         .         .  4^02  5*84 

Ca  O  .        •        •        •        •        •      ':      6*94  no 

Mg  O         .       \        ♦        ,        .        ,  15-54  4-01 

K*0?J     •..•••  ^^  C45(Na,0), 

Loss  .      ^       •       .       .        .      .     a-9S  aS4(H,p). 

f  00*44  aoa*^ 
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In  the  above  analym  the  very  hig^  percentage  of  alkali  is  itmarkable:  it 
consists  chiefly  of  Na.,  containing  only  a  small  percentage  of  K.;  Cr,  Og  and  Alg  Og 
were  not  separated.  It  seems,  however,  that  no  small  quantity  of  Cr,  O,  mnst  be 
present,  for  vividly  green  splinters  give  an  nndonbted  Cr.  reaction  in  the  blowpipe 
flame.  On  the  other  hand,  the  grey  hornblende  hardly  gives  any  tinge  to  the 
borax.  The  iron  has  been  calculated  as  Fe  O.  According  to  the  above  analysis, 
the  mineral  proves  to  be  an  amphibole,  containing  a  considerable  amoont  of 
Glaocophaoe  *^^'  *"*  resembling  glancophane,  which,  however,  is 

distinguished  by  iu  dark  blue  colour  from  the  mineral 
under  examination.  There  are,  however,  grey  varieties  of  glaucophane.  The 
glaucophane  most  nearly  allied  to  this  mineral  is  that  of  Zermatt,  the  analysis 
of  which  is  given  under  II.  In  both,  the  percentage  of  alkali,  magnesia  and  iron 
very  nearly  agrees,  as  also  the  loss  due  to  ignition.  The  difference  in  the  percent- 
age of  AlgOg  is  rather  more  marked,  while  the  difference  in  the  silica  is  the 
most  pronouQced.  There  are,  however,  other  glancophanes,  which,  in  this  respect, 
closely  resemble  the  mineral  from  Burma,  ^«^.,  that  from  New  Caledonia  contams, 
according  to  Liversidge,  only  5279  per  cent.,  while  that  from  Sanjaron  in  Andalusia 
contains,  according  to  Barrois  and  Offret  only  47*4  per  cent,  of  Si  Og.  In  the  last 
mentioned .  variety,  also,  a  low  percentage  <rf  alumina  corresponding  to  our  8'4S 
has  been  observed.  From  the  majority  of  glaucophanes  our  mineral  differs  chiefly 
in  the  percentage  of  lime,  for  they  do  not  as  a  rule  contain  more  than  a  or  3  per 
cent,  of  CaO.  Some,  however,  are  known  to  conuin  a  larger  percentage,  ^^.,  that 
of  Shikoko  in  Japan,  which  has  a  percentage  of  4*80,  while  the  glaucophane 
from  Andalusia  contains  12*90  per  cent. 

We  are  therefore  undoubtedly  entitled  to  consider  this  mineral  as  a  glauco- 
phane, inasmuch  as  its  s.g.  exactly  corresponds  with  that  of  most  glaucophanes,  of 
which  the  s.g.  ranges  from  3*103  to  3'ii3.  the  average  being  3*ia,  corresponding 
to  the  variety  from  New  Caledonia.    The  low  fusibility  is  another  distinguish* 
ing  feature.     It  is  a  remarkable  fact    that  together  with   ]adeite,  which  is  a 
pyroxene,  there  should  occur  an  amphibole,  which,  owing  to  its  large  percentage 
of  Na.  closely  resembles  it  in   composition.    The  strong  pleochroism  peculiar 
to  the  dark    blue  glaucophane  is  of  course  less  pronounced  in  the    mineral 
from  Burma,     In  moderately  thick  sliceSj  however,    considerable    differences 
(rf  colour  may  be  seen  on  rotation  of  the  pctoiser.     The    vibrations  parallel 
to  %  are  bluish-green,    those  parallel  to  h  greenish-brown  and  those  parallel 
to  t  yellowish  brown,  the  absorption    being  b  7  a   7  iC    In   thinner  slices 
the  same  colours  appear,  being,  however,  much    paler,  the  differences  being 
therefore  less  noticeable,  while  in  very  thin  slices,  they  almost  entirely  disappear* 
The  large    extinction  angle  of    the  Burmese  variety    contrasts  strongly  with 
that  of  true  glaucophane,  in  which  it  amounts  to  onljr  a  few  degrees,  while  in 
the  mineral  from  Tammaw  it  rises  to  s8°,  a  value  much  higher  than  that  of  other 
rock-forming  amphiboles.      Under  the    microscope,    cross-sections   show   the 
characteristic  prismatic  cleavage  of  amphibole.    In  longitudinal  sections  the  cleav- 
ages are  very  close  together,  thus  producing  an  appearance  of  fibrous  structure; 
and,  as  in  the  case  of  the  prismS;  these  ^sures  arp  considerably  distorted,  while  the 
ends  ane  more  or  less  fringed*    There  can  be  no  doubt  that  these  phenomena  are 
due  to  the  pressure  which  all  the  rocks  of  Tammaw  have  undergone.  In  longitudinal 
sections,  also^  m$9  be  seen  an  Ul«4^ed  transverse  cleavage,  running  obliquely  to  the 
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ixr^Hnary  cleavage  fiflsoies.  This  most  probably,  as  in  other  amphiboles,  represents  a 
cleavage  paiallel  to  9<o  (loT),  which  is  a  very  characteristic  feature  of  glaucophane . 
Thns  we  see  that  the  Tammaw  mineral  differs  bom  true  glaucophane  only  in  its 
abnormal  extmction  angle. 

As  already  mentioned,  the  hornblende  contains  numerous  fine   needles   or 
.  ^  .  narrow  prisms,  which  are  always  elongated  in  one  direction. 

These  are  composed  of  a  beautiful  emerald-green  augite, 
and  produce  the  fine  green  colour  of  the  rock,  whenever  they  occur  in  any  quantity. 
This  colour  we  have  already  stated  to  be  due  to  a  small  percentage  of  Cr.,  the 
very  green  grains  giving  a  distinct  Cr.  reaction,  while  the  grey  crystals  show  no 
such  reaction.  These  enclosures  are  very  similar  to  those  noticed  above  as  form- 
ing part  of  the  albite-hornblende  rock.  The  latter,  however,  do  not  exhibit  such  a 
vivid  emerald  green,  being  rather  of  a  bluish-green  colour.  As  in  the  former  case, 
their  lateral  boundaries  are  regular,  but  their  ends  are  not  infrequently  fringed  or 
pointed,  in  which  case  they  assume  the  spindle-shape  already  described.  The  small 
needles  are  sometimes  arranged  very  irregularly,  but,  as  a  rule,  they  lie  parallel  to  the 
vertical  axis  of  the  amphibole  prisms.  The  larger  non-prismatic  crystals  form  radiat- 
ing groups,  the  ends  of  which  are  slightly  curved  and  which,  owing  to  their  green 
colour,  form  a  striking  contrast  to  the  colourless  amphibole.  Single  crystals 
become  alternately  bright  and  dark  in  polarised  light  The  clusters,  however, 
never  extinguish  entirely,  for  differently  oriented  crystals  overlap  each  other. 
Cross  sections  show  the  typical  form  of  augite,  but  prismatic  cleavage  is  not 
well  marked,  the  cleavage  fissures  being  somewhat  irregular.  Transverse  fissures, 
probably  representing  a  transverse  cleavage,  as  in  diopside  and  other  pyroxenes, 
are  sometimes  seen. 

The  angle  of  extinction  is  fairly  high,  but  it  is  difiScult  to  obtain  measurement? 
of  it.  Since  the  larger  prisms  never  extinguish  completely,  while  the  smaller  crystals 
are  bounded  by  curves,  straight  cleavage-fissures  being  almost  entirely  absent. 
In  some  cases,  however,  I  obtained  values'  up  to  50*.  The  pleochroism  is  very 
marked.  Cross  sections  of  moderate  thickness,  however,  exhibit  only  slight 
differences  of  coloor,  the  bluish-green  remaining  almost  unchanged  during  a  com- 
plete rotation  of  the  polariser.  On  longitudinal  sections,  the  differences  are  much 
more  marked,  the  vibrations  in  the  direction  of  the  axis  ci  elasticity  being  greenish- 
yellow,  with  at  times  a  shade  of  uranium  glass,  while  those  normal  to  this  axis  are 
bluish  green  as  in  the  cross-sections.  Hence  during  rotation  the  colour  varies 
between  the  above  tints.  Even  in  very  thin  slices,  this  is  still  visible ;  the  very 
thinnest  needles,  however,  having  no  distinct  colour,  have  no  pleochroism.  The 
green  material  occurs  in  a  different  manner  to  that  enclosed  in  the  hornblende.  The 
hornblende  is  frequently  intersected  by  green  strings,  entirely  composed  of  crystals 
of  augite,  as  in  the  previous  case.  These  are,  however,  of  much  smaller  dimen- 
sions, and  are,  in  fact,  almost  microlites.  In  rare  cases  circular  clusters  of  such 
augite  microlites  have  been  observed  filling  up  the  fissures  and  other  small  cavities 
in  the  hornblende,  while  the  larger  augites,  already  described,  were  unquestionably 
developedatmuch  the  same  time  as  the  amphibole,  in  which  they  are  enclosed; 
and  there  is  no  indication  whatever  that  they  were  produced  by  subsequent  alterar 
tioA  of  the  amphibole.  It  is  a  remarkable  fact  that  all  the  Cr.  has  been  taken  up 
by  the  augite,  while  none  is  found  in  the  amphibde; 
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'*  From,  the  above  description  of  the  rocks  occnrrihg  in  the  jadeite  mined  at 
Tammaw,  wV.,  the  jadcite,  the  olivine-secpentiner  the 
CO  ogica  age.  albite-homblende  rock^  and  the  amphibole-glaucophane- 
schist,  we  are  enabled  to  form  a  clear  conception  of  their  natore.  Noetling  believes 
that  the  jadeite  and  the  serpentine  penetrate  the  surrounding  tertiary  sandstone, 
while  with  regard  to  the  relations  between  the  occurrence  of  the  two  other  rocks  and 
the  jadeite,  nothing  is  known.  Noetling's  view  necessitates  the  assumption  of  an 
eruption  of  jadeite  and  another  of  olivine  rock,  following  one  another;  but  the 
petrological  composition  of  these  rocks  is  not  favourable  to  such  a  view,  which 
would  include  them  among  the  tertiary  eruptive  rocks.  Judging  by  the  petrological 
characters,  we  must  consider  them  as  representing  a  system  of  crystalline  schists. 

Now  there  is  no  doubt  that  in  former  geological  times  olivine  rocks  were  pro- 
duced by  volcanic  eruptions.  Nowhere,  however,  have  rocks  of  this  nature  been 
found  in  beds  of  such  modern  date,  being  according  to  Noetling  not  older  than 
of  roiocene  age.  Wherever  tertiary  masses  of  olivine  are  known  to  occur,  as  for 
example  the  enclosures  in  basalt,  they  are  perfectly  fresh,  and  show  no  signs  of 
serpentinisation.  I  wish  particularly  to  emphasize  this  fact,  since  the  basalt  which 
I  shall  presently  describe,  and  which  occurs  in  close  proximity  to  the  jadeite 
mines,  has  no  geological  connection  with  the  jadeite.  but  is  unquestionably  an 
eruptive  rock  passing  through  tertiary  strata.  In  this  basalt  the  serpentinisation  of 
the  olivine  has  just  begun,  but  has  not  progressed  beyond,  the  first  stages,  while 
such  a  complete  alteration  as  that  exhibited  in  the  above  specimens  is  characteris- 
tic of  all  ancient  olivine  rocks — such  as  palaeopikrite— and,  as  I  have  already 
observed,  of  the  crystalline  schists. 

To  consider  the  jadeite  as  an  eruptive  rock  would  be  entirely  unjustifiable :  for 
neither  in  the  older  nor  yet  in  the  more  recent  series  of  eruptive  rocks  has  any  rock 
of  the  nature  of  jadeite  been  found.  In  Turkistan,  however,  it  has  been  proved  to 
be  imbedded  with  nephrite  in  the  crystalline  schists  (gneiss  and  mica  schist);  and 
belongs  to  that  series. 

The  two  other  rocks  also  offer  material  proof  in  favour  of  this  view,  for  it  is 
highly  probable  that  the  glaucophane-schist  is  one  of  the  crystalline  schists. 
Hitherto,  glaucophane  has  been  found  only  in  gneissic  rocks  and  mica  schists,  no 
instance  having  been  recorded  of  its  occurrence  in  eruptive  rocks,  much  less  of  its 
entirely  composing  such  rocks.  The  same  holds  good  for  the  albite  of  the  albite- 
homblende  rock.  This  mineral  frequently  occurs  as  a  component  part  of  the  crys- 
talline schists,  but  hardly  of  eruptive  rocks.  The  peculiar  aggregation  of  the  albite 
grains  is  in  perfect  harmony  with  this  view,  for  such  a  structure  would  be  by  no 
means  remarkable  In  a  crystalline  schist.  I  am  therefore  of  opinion  that  the  jadeite 
and  the  other  rocks  must  be  looked  upon  as  part  of  the  series  of  crystalline  schists, 
overlaid  by  tertiary  beds  and  probably  denuded  by  erosion.  It  is  most  probable 
that  they  were  raised  to  their  present  level  together  with  the  surrounding  tertiary 
rocks,  when  these  latter  were  subjected  to  folding.  I  have  repeatedly  laid  stress  on 
the  fact  that  these  rocks  must  have  been  subjected  to  great  pressure,  which  can  only 
be  accounted  for  by  folding.  I  do  not  assert  for  a  moment  that  the  above  argu- 
ments are  absolutely  convincing,  but  they  certainly  support  the  view  which  best 
accords  with  the  petrological  evidence,  while  the  stratigraphical  conditions  observed 
by  Noetling  in  the  mines  at  Tammaw  fully  bear  out  this  view.  Further  observa- 
tions, however,  with  regard  to  the  geological  condftions  of  that  country,  will  cer- 
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tainly  decide  the  question.  On  the  geological  map  of  Burma,  west  of  the  Irrawaddi, 
even  west  of  Mogaung,  towards  Tammaw,  sub-metamorphic  rocks  are  indicated . 
while  crystalline  limestones,  probably  of  Silurian  age,  extend  to  within  about  two 
miles  of  the  eastern  side  of  the  jadeite  mines. 

In  conclusion,  I  wish  to  mention  a  rock  which,  although  not  belonging  to  the 
series  described  from  the  jadeite  mines,  has  been  found  on 
a  hill  four  miles  east  of  Sanka  village.  It  is  an  excellent 
felspar-basalt,  with  blackish-grey  fracture,  and  brown  weathered  surface.  Under 
the  microscope,  the  felspar — plagioclase — forms  a  crowd  of  minute  lamellae,  in 
which  only  very  few  individuals  are  twinned,  while  a  very  small  number  of  the 
crystals  are  somewhat  larger.  The  felspar  crystals  form  the  groundmass  in  which 
all  the  larger  constituents  of  the  rock  are  porphyritically  imbedded. 

The  augite  is  of  a  very  light  yellowish -green  colour,  without  noticeable  pleo- 
chroism,  but  with  oblique  extinction  as  is  usual  in  basaltic  augites.  The  crystals, 
which  are  regularly  bounded  by  straight  lines,  are  usually  of  considerable 
size.  There  are,  however,  smaller  crystals  which  in  their  dimensions  very 
nearly  approach  the  lamellar  felspars.  These  small  augite  crystals  form  part  of 
the  groundmass  together  with  the  felspars,  but  they  are  not  nearly  so  numerous  as 
the  latter.  They  are  much  more  sharply  and  regularly  bounded  than  the  larger 
crystals,  and  probably  represent  a  later  generation  of  augite.  As  a  rule,  they  are 
single,  but  twins  are  occasionally  seen  parallel  to  the  orthopinacoid,  and  not  in- 
frequently polysynthetic.  Cruciform  twins  appear  to  occur,  but  I  cannot  state  with 
absolute  certainty  that  any  regular  intergrowth  takes  place.  The  augite,  like  the 
felspar,  is  perfectly  fresh,  and  both  are  fairly  free  from  foreign  enclosures  of  all 
sorts.  Magnetite,  however,  generally  very  regular  [in  shape,  is  not  infrequently 
included  in  the  augite.  Olivine  usually  forms  the  largest  crystals ;  it  is  either  per- 
fectly fresh  or  intersected  by  a  few  cracks  along  which  serpentinisation  has 
just  set  in,  only  small  progress,  however,  having  been  made  in  this  direc- 
tion. It  also  contains  inclusions  of  magnetite  grains.  A  few  dark  brown  transpa- 
rent grains  of  picotite  occur,  while  liquid  enclosures  containing  moveable  bubbles 
are  frequently  seen,  arranged  in  the  well-known  zones.  Magnetite  is  fairiy  common, 
and  usually  forms  well-defined  crystals  of  considerable  size.  These  crystals  some- 
times occur  singly,  and  sometimes  in  larger  auid  regularly-arranged  groups.  They 
are  partly  imbedded  in  the  groundmass  between  the  felspar  and  augite  microlites, 
and  partly  occur  as  enclosures  in  the  larger  augites  and  olivines.  As  already  stated* 
I  consider  some  of  the  darker  brown  and  transparent  enclosures  in  the  olivine  to  be 
picotite.  A  number  of  long,  colourless  needles  with  straight  extinction,  and  sometimes 
grouped  in  clusters,  are  crystals  of  apatite.  No  other  minerals  have  been  observed, 
while  glass,  in  particular,  is  entirely  absent,  not  a  trace  of  it  having  been  discovered. 

The  basalt  is  therefore  holo-crystalline  and  falls  under  class  II  of  Zirkel's  classi- 
fication,  the  members  of  which  group  are  distinguished  by  a  fine-grained,  micros- 
copic groundmass,  which  is  crystalline  throughout  or  only  contains  a  small  quantity 
of  magma  in  which  larger  crystals — ^in  this  case  augite  and  olivine — occur.  Or  if 
we  adopt  Rosenbusch's  classification,  we  must  describe  it  as  a  holo-crystalline  por* 
phyritic  basalt,  in  which,  notwithstanding  the  enormous  number  of  plagioclase 
lamellae  forming  the  groundmass,  no  larger  plagioclase  crystals  appear,  as  is  more 
usually  the  case.  Warm  HCl  affects  the  rock  but  slightly,  while  cubes  of  NaCl 
are  not  formed  after  evaporation. 
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On  the  Geology  of  the  T6chi  Valley,  by  F.  H.  Smith,  a.r.cs,  Assistant 
Superintendent f  Geological  Survey  of  India  (with  pi.  3). 

Towards  the  end  of  February  1895  I  received  orders  to  join  the  delimitation 
party  at  work  in  the  Tdchi  valley.  A  geologist  was  specially  required  to  ascertain, 
if  possible,  whether  the  reported  occurrence  of  copper  and  iron  in  the  hills  south 
of  the  Tdchi  river,  and  between  it  and  the  Khaisor,  was  of  economic  importance.  ^ 

Unfortunately,  when   I  received  my    orders,  I  was  engaged  in    field-work 
amongst  the  southern  spurs  of  the  Sulaimdn  range  in  Baluchistan,  and  by  the  time 
I  caught  up  the  T6chi  column  that  part  of  the  delimitation  work  situated  in  the 
T^chi  hills  had  been  completed,  and  I  never  had  an   opportunity  afterwards    of        '■^■^" 
seeing  more  than  the  northern  or  Tdchi  flanks  of  the  hills.  q  ^ 

I  may  say  at  once  that,  as  far  as  I  could  observe,  the  hills  between  the  Tdchi 
and  Khaisor  rivers  contained  no  minerals  of  any  economic 

Copper  and  iron.  importance.    I  have  not  met  with  any  trace  of  copper,  or         ^ 

mineral  containing  copper  during  my  march  along  the  T6chi  and  one  or  two 
tributary  streams. 

The  Waziris  are  said  to  work  and  smelt  iron  ore  to  a  considerable  extent  in  the 
hills  to  the  south  of  the  Tdchi ;  and  the  number  of  native-made  knives  seen  all 
over  Waziristin  shows  that  there  must  be  a  considerable  iron  industry.  The 
majority  of  the  knives  are  made  of  very  soft  iron,  and  their  value,  when  sold  to 
Europeans,  seemed  to  be  from  2  or  3  rupees  each ;  smaller  knives  of  mottled 
native  steel  axe  fairly  common,  the  price  of  which  seems  to  run  up  to  anything 
under  25  or  30  rupees,  according  to  the  appearance  of  the  intending  purchaser. 

The  only  place  where  I  found  any  traces  of  iron  ore  was  Mirdn  Sh^.  There 
I  found  several  concretions  of  very  pure  soft  haematite,  in  middle  or  lower  eocene 
sandstone  beds.  These  beds  have  roughly  a  north  and  south  strike  in  this 
neighbourhood ;  to  the  north  the  series  forms  the  Laram  hills,  while  to  the  south 
the  hill-country  between  the  Tdchi  and  the  Khaisor,  or  Khasora,  is  mainly  com- 
posed of  these  same  rocks.  It  is  very  probable  that  the  iron  ore  supply  is  derived 
from  this  pure  concretionary  haematite,  which  could  easily  be  found  in  sufficient 
quantities  for  the  manufacture  of  knives  and  other  small  implements,  but  which 
would  probably  run  out  at  once  if  worked  to  any  great  extent.  Even  if  pure 
hematite  were  found  in  greater  abundance,  as  is  constantly  the  case  in  other 
parts  of  India,  the  total  absence  of  fuel  would  render  it  useless  in  this  valley. 

Although  my  march  up  the  Tdchi  was  not  very  successful  from  an  economic 
point  of  view,  it  was  none  the  less  interesting  geologically,  especially  as  I  traversed 
new  country. 

Marching  from  Bannu  up  the  T<5chi  valley,  one  enters  the  outer  range  of  tertiary 
^  hills  near  T6chi  village^  at  a  height  of  about  i^cxx^feet  above 

opograp  y.  gealevel.    From  here  to  Dotoi,  the  farthest  point  I  reached, 

is  about  60  miles  in  a  straight  line,  and  rather  more  along  the  river  bed  which 
runs  almost  due  east  and  west.  At  Dotoi  the  height  is  about  5,000  feet,  and  the 
higher  peaks  around  run  up  to  10,000  feet«  To  the  west  of  the  outer  hills 
mentioned  above,  which  run  roughly  north  and  south,  the  river  bed.tzaversea  two 
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vide  plains,  the  Idar  Kh*l  and  Idak  valleys.  Both  plains  ai'e  bounded  noi'th  and 
somh  by  hills,  which  close  in  to  th«  west  o!  Idak,  above  ^vhich  the  river-bed  lies 
between  irregular  hills,  forming  a  more  or  less  narrow  valley. 

1  was  able  also  to  march  up  a  tributary  of  the  Tdchi,  the  Kazha  nala,  which 
rises  on  the  Luara  plateau  under  Charkhiaghar  to  the  north  of  Dotoi,  and  pxni 
neatly  parallel  to  the  Tdchi  till  it  joins  it  new  Pakki  K6t. 

As  the  newer  rocks  present  none  Of  the  difficulties  which  are  met  with  in  the 
Geoloi?  ^^^^^  rocks  which  I  saw,  I  will  describe  the  section  in  de- 

scending order.  Roughly  speaking,  the  younger  rocks  ate 
found  in  the  eastern  outer  Jranges,  Which  rise  from  the  Bannu  plain,  and  older  rocks 
appear  in  the  interior  to  the  westward. 

The  rocks  in  this  outer  tange— the  Shinkai  htlls-^showed  a  most  striking  simi< 
larity  in  composition  and  arrangement  to  those  of  the  Fort  Munro  r&nge,  souths 
west  of  D^ra  GhiziKhdn.  This  latter  range,  rising  from  the  Indus  plain,  presents  a 
perfectly  normal  section  of  rocks  which  dip  steeply  eastwards  under  the  Indus  plain ; 
from  upper  siwalik  conglomerate  in  <h^  outer  ranges,  through  lowet  siwalik,  upper, 
middle,  and  lower  eocene  rocks,  with  beds  of  probably  cretaceous  age  at  the  base. 
Having  just  traversed  the  Fort  Munro  range,  the  similarity  between  it  and  the 
Shinkai  range  rising  from  the  Bannu  plain,  sOme  2O0  miles  to  the  north,  appeared 
all  the  more  striking  to  me.  Evidently  the  same,  or  nearly  the  same,  series  of 
(ertiary  rock^  have  been  disturbed  and  folded  in  the  same  manner,  and  for  a  dis-» 
tance  of  hundreds  of  miles  along  the  frontier  hills  west  of  the  Indus  plain.  Taking 
the  normal  section  of  the  Shinkai  range  from  ittsX  to  east,  nearly  the  same  series 
of  beds  is  met  with. 

The  outermost  range  commences  two  or  three  miles  to  the  west  of  Tdchi  village, 
where  the  massive  conglomerates  and  grits  Of  the  upper 
®*     '*^  siwaliks  dip  gently   to  the  east  under  the  Bannu  plain. 

The  dip  becomes  steeper  further  west,  and  in  the  highest  ridge  of  these  hills  the 
rocks  dip  very  steeply,  still  eastwards,  till  along  the  bank  of  the  Tdchi  river  it 
becomes  vertical;  this  dip  is  maintained  westwards  throughout  the  lower  siwaliks 
and  upper  nummulitics  at  least.  The  thickness  of  these  conglomerates  must  be 
great»  and  is  probably  several  thousand  feet,  but  the  lower  siwalik  beds  ar^ 
of  even  much  greater  thickness.  In  the  Saidgi  valley  the  rocks  change  frjin 
conglomerate  (east)  into  an  immense  thickness  of  sandstones  and  shsLles  (West). 
The  conglomerate  passes  gradually  and  perfectly  cotiformably  into  finer  sandy 
hrata,  which  at  once  become  interbedded  with  beds  of  shale.  The  lower  siwalik 
beds  consist  entirely  of  grey  sandstones  and  red  shales  ;  the  latter  predominate  in 
the  upper  beds,  but  give  way  lo^irer  down  to  soft  sandstone  beds,  which  contain 
ho  shale  bands  at  the  base.  The  dip  is  vertical  throughout  the  whole  section  of 
these  beds  across  the  Saidgi  valley  and  up  to  the  highest  ridge  of  the  hills  westward. 
The  strata  appear  not  to  be  crushed  to  &ny  extent,  but  are  exposed  as  a  per. 
fectly  normal  section,  with  an  outcrop  of  fully  2  miles  in  breadth,  which  gives  the 
lower  siwalik  beds  the  immense  thickness  of  io,cxx>  feet.  I  could  find  no  trace  of 
fossils  in  either  the  shales  or  sandstones. 

Along  the  ridge  of  the  hills  west  of  Saidgi  there  runs  a  bed  of  white  hard  lime- 
stone, under  aoo  feet  in  thickness.    The  dip  is  vertical,  and 
UpperttttmmulUic.        ^^  Shinkai  in  the  river  bed  the  exact  thickness  is  170  feet. 
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The  limestone  is  fall  of  fossils,  the  harder  bands  being  almost  made  up  of  num* 
muliies  and  alveolinee,  while  some  softer  muddy  bands  are  full  of  gastropods  and 
bivalves,  with  which  I  found  part  of  a  well  preserved  crab. 

The  junction  of  this  white  limestone  with  the  overlying  grey  siwalik  sandstone 
is  clearly  seen  in  the  river  bed.  In  position  they  are  perfectly  conformable ;  the 
white  limestone  is  very  nodular,  so  that  the  upper  surface  is  not  quite  smooth. 
The  sandstone  fills  up  the  irregularities,  and  the  bedding  of  both  is  perfectly 
parallel :  the  sandstone  contains  many  limestone  pebbles  for  about  a  feet  from  the 
junction,  but  the  parallelism  appears  perfect.  The  junction  of  this  upper  nummu- 
litic  limestone  with  the  lower  beds  is  not  so  well  seen,  but  the  white  limestone 
appears  to  rest  conformably  on  the  soft  shale  beds  below.  To  the  north  of 
Sheranni,  upper  nummulitic  rocks  occupy  a  considerable  area,  forming  a  flat 
basin  north  of  the  Tdchi.  The  rocks  consist  of  white  limestones  and  interbedded 
light  green  shales ;  the  limestone  is  identical  with  that  at  Shinkai.  The  thickness 
of  the  whole  exceeds  that  of  the  rocks  at  Shinkai,  but  the  base  beds  rest  on 
rocks  so  much  disturbed  by  igneous  intrusions  that  I  could  make  no  very  definite 
observations  on  the  lower  beds. 

Below  the  white  limestone  comes  a  thickness  of  400  to  500  feet  of  olive  green 
sl/ales,  very  like  the  '  ghazij '  shales  of  the  Quetta  area. 
Lower  nummulitic.  ^y^^^y^  ^^  ^f  middle  nummulitic  age  ;  at  the  base  of  these 
I  observed  some  red  shale  bands,  below  which  come  200  to  300  feet  of  shales, 
interbedded  with  shaly  limestone  and  limestone  breccia.  The  breccia  contains 
many  fossil  organisms,  but  I  have  not  found  any  nummulites  amongst  them ;  a  fossil 
fruit  was  found  in  the  associated  shales,  but  nothing  could  be  seen  in  the  shaly 
limestone. 

These  shaly  beds  down  to  this  point  may  probably  represent  the  middle  num- 
mulitics,  but  they  pass  so  imperceptibly  into  lower  rocks  that  no  distinct  division 
can  be  made.  Below  the  limestone  breccia  band  the  shales  become  interbedded 
with  sandstones  and  calcareous  sandstones,  and  dip  again  steeply  to  the  east. 
This  series  of  rocks  continues  from  Shinkai  to  the  Idar  Kh^l  plain  on  the  west, 
the  dip  lessening  towards  the  east  on  nearing  the  plain. 

The  main  mass  of  the  rocks  consists  of  soft  shales,  greenish  brown  to  red  in 
colour,  with  frequent  partings  of  softish  sandstone,  buff  to  brown  inside,  but  always 
weathering  a  shiny  black  on  the  surface.  Some  beds  appear  to  have  been  altered 
into  red  coloured  porcellanic,  shaly  limestone  bands.  Near  Idar  Kh£l  the  sandstone 
bands,  nearly  white  in  colour,  increase  in  size  and  contain  pure  limestone  bands, 
layers  of  sandstone  and  limestone  alternating  several  times  in  the  course  of  2  or  3  feet. 

In  some  places  this  series  is  considerably  contorted,  but  on  the  whole  there  is 
a  steady  easterly  dip  throughout.  There  must  h6  several  thousand  feet  of  these 
rocks  visible  in  the  section  along  the  river  bed.  I  may  mention  here  that  the 
black  weathering  of  the  sandstones  and  calcareous  sandstones  is  very  typical  of 
middle  and  lower  eocene  rocks  in  eastern  Baluchistan.  In  the  calcareous  sand« 
stones  there  are  traces  of  organisms,  apparently  foraminiftra,  but  I  found  no 
fossils  in  any  of  the  other  sandstone  or  shale  bands. 

The  Idar  Kh^l  plain  is  cut  out  of  a  flat  anticlinal  of  these  lower  eocene  rocks ; 
in  the  hills  east  of  Idak  they  dip  again  gently  westwards,  but  here  the  predomi- 
nance of  sandstone  bands  is  changed  to  one  of  calcareous  and  limestone  bands, 
which  are  remarkable  for  the  quantity  of  corals  in  them.    These  beds,  hard  grey 


^kkf  2.]  Smith:  Geo/ogy  of  the  tochi  Valley.  tog 

limefitOQ^s  Ind  sbdles  with  some  sandstone  bands,  form  the  bills  south  of  the  Tdchi 
as  far  west  as  Mahomed  Kh^l,  and  to  the  north  of  the  tdchi  from  Mahomed  Kh^l 
Across  to  the  Laram  hilte,  and  from  thence  down  to  the  hills  surrounding  the  Idak 
plain. 

The  iang«  of  hills  betwefen  Idak  and  Mirah  Shah  is  formed  .by  an  anticlinal 
Mesozoic;  "'^^^  "vMi^ti  approximately  strikes   north  and   south,  and 

which  is  composed  of  these  lower  eocene  beds.  In  the  core 
bf  tb^  anticlinal  a  considerable  thickness  of  massive  dark  grey  limestone  is 
(exposed,  in  which  I  could  find  no  fossil  remains ;  the  age  of  this  limestone  is  there- 
fore doubtful,  and  there  is  no  evi  dence  of  any  kind  to  show  whether  it  belongs  to  the 
lowest  tertiary  or  upper  mesozoic  age. 

The  middle  and  lower  eocene  beds  between  Shittkai  and   Mahotned  Kh^l   are 

botoi  beds.  conspicuous  by  the  general  absence  of  undoubted  nummu- 

lites :  corals  and  the  broken  shells  of  bivalves  are  abundant, 

\y\Aforaminifira  ohly  occur  rarely  and  then  the  traces  are  badly  preserved.    Round 

Dotoi,  however,  beds  of  apparently  lower  eocene  age  appear,  yellow  limestones  with 

interbedded  blue  slaty  shales,  of  which  the  limestone  bands  are  full  of  fine  num- 

mulites  of  all  sizes.    These  beds  have  no  resemblance  to  the  very  white  limestones 

and  light  green  shales  of  the  upper  nummulitics,  and  ^^tx-^  little  more  resemblance 

to  the  non-niimmulitic  rocks  round   Idak  >  in  fact  they  show  no  resemblance  to  any 

of  the  rocks  seen  in  the  Shinkai  hill  section.    This   may  be  explained  by  the 

amount  of  igneous  alteration  which  has  taken  place  in  the  neigjibourhood,  and 

which  has  effaced  all  evidence  of  connection  between  the  Dotoi  rocks,  the  upper 

nnmmulitics  north  of  Shetantii,  and  the  lower  nummulitics  east  of  Mahomed  Kh61. 

One  is  much  struck  on  marching  up  the  Tdchi  river  bed  by  the  great  quantity 

.  ^        ...  of  pebbles  and  boulders  of  igneous  rocks  met  with  en  routes 

Igneous  intrusion.  ^.  -   ,  , , ,  r,,  *  i  .      .., 

The  majority  of  the  pebbles,  even  at  Tochi  village,  are  of 

diorites,  gabbros,  and  basic  rocks.    No  indication,  of  their  being  anywhere  in  ntu 

is  met  with  till  one  arrives  within  about  3  miles  of  Mahomed  Kh^l.    Here  the 

lower  eocene  limestones  and  shales  are  seen  to  rest  abruptly,  but  conformably  on  a 

series  of  beds,  and  are  doubtless  part  of  the  latter,  which  are  altered  by  igneous 

action,  but  with  evidence  of  having  been  interbedded  with  igneous  rocks,  which  in 

many  cases  form  massive  intrusions  in  the  former.    This  facies  of  beds  covers 

the  country  between  Mahdmed  Kh^l  and  Dotoi,  though  it  is  overlaid  by  upper  num-^ 

mulitic  beds  north  of  Sherannii 

The  igneous  intrusions  are  invariably  of  the  more  basic  rocks,  t  nevet  found 
a  trace  of  any  acid  rock,  but  dioritesare  very  common,  and  they,  as  well  as  more 
basic  forms,  appear  to  pass  gradually  into  the  rocks  which  they  penetrate  partially. 
As  generally  happens,  the  beds  are  altered  to  such  an  extent  near  the  junction,  that 
tio  definite  line  can  be  drawn  between  the  true  shales  en  one  hand  and  the  true 
Crystalline  rock  on  the  other.  Throughout  the  whole  area  of  igneous  disturbance 
I  never  found  anything  but  shaly  beds  associated  with  the  igneous  rocks« 

In  some  cases  the  shales  have  undergone  very  slight  alteration  only,  but  un*' 

...  «         fortunately  I  have  not  found  any  traces  of  fossils  in  beds 

Age  of  Igneous  series.  /     .,     ,^.    .  •    /  ,  ,       < 

connected  with  the  igneous  rocks,  so  the  only  clue  to   the 

age  of  these  beds  rests  on  their  relative  position   to   other  beds.    On  the  west  the 

igneous  series  is  overlaid  by  the  lower  nummulitic  Dotoi  beds,  with  the  bedding  more 

ca 
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or  less  parallel.  Oit  the  east  the  Idak  series  of  lower  eocene  rocks  rests  conformablf 
on  alteied  shale  beds  with  igneous  intnfsions.  Upper,  and  perhaps  middle,  nnm- 
mulitic  beds  directly  overlay  the  igneous  rocks  between  these  two  junctions ;  the 
disturbance  in  the  basal  beds  makes  it  impossible  to  see  from  a  distance  what  connec-» 
txon  there  is  bet^veen  the  upper  nummufitics  and  the  igneous  series.  It  is  singular 
that  nothing  but  shaly  beds  should  be  found  within  the  area  of  igneous  disturbance. 
The  natural  conclusion  to  be  drawn  seems  to  be  the  stipposition  that  igneous 
action,  in  the  form  of  intrusions  and  deposition  of  ash  beds,  began  some  time 
before  the  beginning  of  the  tertiary  period  ;  and  lasted,  with  occasional  variations 
causing  interbedding,  up  to  the  end  of  middle  eocene  times. 

The  intrusive  masses  vary  a  good  deal  in  composition.  I  found  various  forms 
g    .  of  diorite,  but  the  greatest  variety  seemed  to  be  in  the 

gabbros,  which  pass  gradually  into  hypersthene  (and 
diaHage)  rocks.  Some  pebbles,  of  what  appeared  to  be  amygdaloidal  basalt, 
occurred  in  the  river  bed,  but  I  never  found  this  rock  in  situ.  From  the  diversity 
of  these  rocks,  ranging  from  intermediate  to  basic,  and  probably  ultrabasic  forms, 
coupled  with  their  interbedding  with  shales  and  possibly  other  rocks  of  eocene  age, 
it  seems  very  probable  that  this  series  may  correspond  to  the  wic'espread  formation 
of  shales  and  igneous  rocks  which  form  large  areas  in  Baluchistin  ;  theK6jak  shales 
are  typical  for  this  lithological  formation,  which  also  ranges  from  the  later  cretaceous 
to  middle  eocene  times. 

In  the  absence  of  an  accurate  map,  the  accompanying  sections  (pL  3),  which 

-,      .  ^.       .      ,.  are  drawn  approximately   from  east  to    west    across  the 

Description  of  sections.  ,       ..    *^*^,     .       ,     ,  . ,  *.    . 

general  strike  of  the  beds,   may  give  some  idea  of  the 

arrangement  of  the  rocks.    The  three  sections,  which  are  drawn  to  natural  scale  of 

I  inch  =r  i  mile,  follow  the  T6chi  river,  mostly  through  the  hills  directly  to  the  north 

of  it.    They  do  not  conform  quite  to  a  straight  line  from  east  to  west,  but  yet  so 

closely,  that  they  may  be  taken  to  represent  a  continuous  section  from  the  Dotoi 

country  to  the  Bannu  plain. 

Section  I. — To  the  west  the  Dotoi  beds^  considerably  disturbed  and  contorted, 
form  the  greater  part  of  the  country,  and  rest  near  Dotoi  villaf^e  on  the  igneous 
series.  The  junction  beds  show  a' good  deal  of  disturbance,  as  is  natural  in  the 
immediate  neighbourhood  of  igneous  intrusions,  and  it  is  doubtful  what  connection 
there  is  between  the  beds.  To  the  east  there  appears  a  flat  basin  of  upper  num* 
mulitic  beds,  quite  unaltered,  composed  of  white  nummulitic  limestone,  interbedded 
with  light  green  shale  beds.  The  base  beds  of  this  series  is  seen  here  and  there 
to  be  drawn  into  the  sphere  of  igneous  action,  showing  that  the  disturbance  lasted 
up  to  middle  eocene  times  at  least. 

Section  11, — The  Idak  series  of  lower  nummulitic  beds  rests  on  the  igneous 
facies,  just  north  of  Mahomed  Kh^l.  Igneous  disturbance  seems  to  have  ceased 
half  way  through  lower  eocene  times,  leaving  the  upper  half  to  the  east  unaltered. 
The  only  break  in  these  beds  to  the  east,  as  far  as  Idak,  occurs  in  the  anticlinal 
ridge  of  older  limestone  between  that  place  and  Mirlin  Shih. 

Section  ///.^-The   Idak  beds  form  a  flat  broad  anticlinal,  which  is  mostly 
hidden  under  the  Shamalani  plain,  between  Idak  and  Shinkai,  where  they  are  seen 
to  dip  conformably  under  the  upper  nummulitie  band  of  limestone,  and  this  ia, 
followed  normally  by  the  lower  and  upper  siwalik  beds,  which  disappear  finally 
under  the  Bannu  plain. 
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On  the  existence  of  Lower  Gondvfanas  in  Argent ina^  ly  Dr   F. 
Kurtz';  translated  by  John  Gillespie. 

I.  Introductjon, 

As  long  ago  as  1875,  Dr.  Luis  firackebusch  had  described  a  fossiliferous  forma- 
tion which  occurs  at  Bajo  de  Velis,  and  on  ^hich  he  has  written  several  papers. 
He  says* :  "  Having  received  from  Mr.  D.  G.  Av6  Lallemant  some  interesting 
data  on  the  existence  of  fossiliferous  shales  in  the  Caatana  valley,  I  proceeded  to 
that  locality,  and  was  not  a  little  surprised  to  find  somo  fossiliferous  beds  at  Bajo 
de  Velis  (about  a  league  from  the  entrance  to  the  Cautana  valley).  This  exceed- 
ingly interesting  find  detained  me  a  couple  of  days,  and  I  ascertained  that  these 
beds,  which  consist  of  conglomerates  and  argillaceous  shales,  had  only  a  small 
vertical  and  horizontal  extent  and  were  unconnected  whh  the  high  cliffs  of  the 
Cautana  valley ;  they  form  old  lake  deposits  in  which  a  large  quantity  of  plant 
remains  have  been  inclosed  •  .  .  there  are  no  animal  remains  found  in  this 
place. "  The  fossils  which  Dr.  Brackebusch  sent  to  Dr.  A.  Stelzner  are  too  badly 
preserved  for  determination,  and  consist  solely  of  casts  of  wood. 

Later  on,  a  resident  of  the  place,  Sr.  Lucio  Fdnes,  quarried  slate  for  a  church 
at  Bajo  de  Velis,  and  Sr.  Bonaparte,  who  superintended  the  work  was  the  first  who 
discovered  well-preserved  fossil  plants,  amongst  them  Neuropteridium  validum, 
Feistm.,  and  Sphtnozamiies  muUinervis  non-spec.  Seilor  Bonaparte  presented  the 
collection  to  Sr.  D.  Gualteno  G.  Davis,  Director  of  the  Meteorological  office  of 
Argentina,  who  handed  them  over  to  me  for  description.  In  1883  Senor  D. 
Francisco  P.  Moreno,  Director  of  the  Museo  de  ia  Plata,  added  to  this  collection 
from  Bajo  de  Velis,  which  has  enabled  me  to  establish  the  age  of  the  fossiliferous 
shales  of  that  locality.  _ 

In  describing  these  plants,  I  have  followed  the  system  adopted  by  W.  Ph. 
Schimper  and  A«  Schenk  (in  the  and  part  of  the  Handbuch  der  Fabeontologie  by 
K.  A.  von  Zittel). 

II.  Descriptive  part. 
Dr.  Kurtz  describes  8  species,  amongst  which  there  are  3  new  species  or 
rather  varieties  of  well-known  Gondwana  fossils, 

ill.  Summary. 

The  fossil  flora  of  the  argillaceous  shales  of  Bajo  dc  Velis,  as  far  as  known  at 
present,  consists  of  the  following  species : — 
Ntufopteridium  validam,  Feistm. 
Gangamopteris  cyclopteroides^  Feistm. 
Equisttiies  Morenianus,  Kurtz. 
^phinotamitts  multinervts,  Kurtz. 
Noeggeraihiopm,  Hislopi  (Bunb.)  Feiilm. 
N.  Hislopi^  Feistm.  var.  subrhomboidalis^  Feistm. 
A'.  Hislopi,  Feist,  var.  turyphylloides,  Kurtz. 

»  PubKshed  in  the  Rervista  del  Mxiseo  dc  la  Plata,  VdI.  VI.  pr  117  ff. 

'  Bolctin  de  la  Acadfemia  Nacioi.al  de  Ciencias  (Cdrdoba),  Vol,  II,  1875,  P«  ^88j  quoted 
by  Dr.  A.  Stelzner  in  Beitr^ge  «ur  Geologie  und  Pai«oiitulogie  der  Argeutiniicheu  Repub- 
Itk,  |»rt  I.  1885.  pi».  75-76.       . 


lid 


Records  of  the  Geological  Survey  of  India.       [VOL.  xxvill. 


All  these  species  are  new  to  Argentina,  and  partly  also  to  science  in  general. 
The  small  number  of  specimens  collected  does  not  enable  us  to  form  an  idea  as 
to  the  relative  frequency  of  the  various  species,  but  nevertheless  it  is  apparent  that 
the  commonest  form  met  with  is  Noeggerathiopsis.  A  similar  flora  is  found  at  the 
Cape  of  Good  Hope  (Ekka-Kimberley  beds),  in  Peninsular  India  (Kaharbari 
beds),  in  Australia  (Newcastle  beds,  Bacchus-marsh  sandstone),  and  in  Tasmania 


KaharbMl  be4s  (India). 


Bajp  de  Vdit 
(Province  De  San  Lois,  Arfeatfaia). 


Ekka-Kimberley  beds 
iCape). 


Heuropteridium  v»lidum,Feistm. 


Glossopteris  compaunis,  Feistin. 
G.  indica,  Fstm.      .         • 


G.  damudica,  Fstixi. 
G.  decipiens,  Fstm. . 


Nearopteridiam 
Feist  m. 


validum, 


Glossopteris       Brown  iana, 
Brongn, 


Gangamopteris  pyclopteroides, 

Fstm. 
G.  cylopt.  Tar.  attenuata,  Fstm. 

G.  cyclopt.  var.  areolata,  Fstm. 
G.  cyclopt.  var.    subaoriculata, 

Fstm. 
G.  buriadica,  Fstm. 
G.  major,  Fstm. 
G.  angustifolia,  McCoy. 


Sagenopteris    (P)    Stoliczkana, 

Fstm. 
Schizoneora        gondwanensis, 

Fstm, 
Sch.  cf.  Meriani  Sohimp 

Vertebraria  iodica,  Royi. 


Gangamopteris  tyclopttroides, 
Fstm. 


Gangamopteris     cyclojpter- 
oides  var. attenuata,  Fstm. 


Glcssozamitet 
Fstm. 


StoHcxkanus, 


Noeggerathiopsis  Hisiopi,  Fstm. 

K.  HIsIopi  var.  subrbomboida- 
lis,  Fstm. 


Equisetites  Morenianits,.Kartz. 


Sphenosamites     multinervis, 

kurts. 
Noeggerathiopsis        Hislopi, 

Fstm. 
N.  Hislopi  Tar.  subrhomboi- 

dalis,  Fstm. 
N.  Hislopi  var.  eorypbylloidesi 

Kurts. 


Noeggerathiopsis    Hislopi, 
Fstm. 
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(Mersey  coalfield).  Of  all  these  floras,  that  of  the  Kaharbari  beds  of  the  lo«ver 
Gondwanas  in  India  is  closest  related  to  the  specimens  found  at  Bajo  de  Velis.  as 
may  be  gathered  from  the .  accompanying  table,  which  contains  a  comparison 
of  the  various  floras  mentioned  above. 


Newcastle  beds  (New  South 
Waiet).. 


Bacchus* Marsh  Sandstone 
(Victoria). 


Mersey  Coalfield  (Tasmania). 


Spheoopteris  lobifoiia,  Morr. 
S.  alata  Bf^ngn;  et  var.  ezUis, 

Morr. 
S.  gennana,  McCoy. 
S.  hastata,  McCoy. 
S.  plumosa,  McCoy* 
S.  ilexaosa,  McCoy. 
Glosaopterit  commnnis,  Fstm; . 

G.  Browniana,  Brongn.   . 

G.  parallela,  Fstm. 

G.  jiDearis,  McCoy. 

G.  gangamopteroidos,  Fstm. 

G.  ampla,  Dana.     •        • 

G.  reticalum,  Daaa. 

G.  elongata,  Dana. 

G.  cordata,  Dana. 

G.  spathulato-cordata,  Fstm^    . 


Gaogamopterit        Clarkeana, 

Fstm. 
Canlopteris  (?)  Adamsii,  Fstm. 


Phyllothecs  australis,  McCoy. 
Vertebraria  australis,  McCoy. 


Podozamitas  elongatos  (Morr.), 
Fstm. 


Noeggeratbiopsis  media(Dana)i 
Fstm. 


Gangamopteris   angustifoliai 

McCoy. 
G.obliqua,  McCoy.        •         • 
G.  spathalata,  McCoy.  . 


Olossopteris        commanis, 

Fstm. 
G.  Browniana,  Brongn. 


G.  ampla,  Dana. 


G  spathdato-cordata,  Fstm, 

Gangamopteris  cyclopteroi* 

des,  Fstm. 
G.  cyclopt.    var.  attennata, 

Fstm. 

G.  cyctopt.   var.   subauricu- 
lata,  Fstm. 


Gangamopteris  angustifolia, 

McCoy. 
G.  obtiqiia,  McCoy. 
G.  spathuiata,  McCoy. 


Tasmaniles  pttnctatus,Newt. 


Phyllotheca  austral tS|    Mc- 
Coy. 


Noeggerathiopsis      Hislopi, 
Fstm. 
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Kaharbari  bedi  (India). 

Bajode  Veils 
(Province  De  San  Lab,  Argentina). 

EJika.Klmberley  beds 
(Cape;. 

Carpolithes  Milleri.  Fstm. 
Euryphyllum  Whittiantim,  Fstm. 
Voltzia  heterophyllBy  Brongn. 

Samaropsis  sp. 

= T-TTTr-T-. .L-    .                  1    Sg 

The  following  may  be  deduced  fio&i  this  table  with  regard  to  the  fossil  plants 
of  Bajo  de  Velis  : — 

Nturopteridium  validum,  Fstm.,  is  found  in  the  Kaharbari  beds .  of  Bengal 
where  it  represents  one  of  the  most  frequent  and  most  characteristic  types. 
It  is  noteworHiy  that  this  beautiful  fern  is  caofised  to  one  horizon  only 
(sandstone  beds)  of  Bajo  de  Velis, 

Gangamopieris  cyclopteroides^  Fstm.,  (5  varieties)  and  4  other  species  are  the 
commonest  and  predominating  forms  which  occur  in  the  Talchir-Kaharbari  beds ; 
in  the  next  succeeding  horizon,  the  Damnda  division,  only  some  small  forms  of 
this  genus  survive,  but  they  disappear  completely  higher  up.  In  Africa  Gangamop^ 
/^r/j  rj^f/^/Zfr^iK/^jJias  been  found  only  in  the  lower  beds  of  the '*' Karoo ''  form-' 
ation  (the  "  Ekka-Kimberley  "  beds)  and  this  is  the  only  species  of  Gangamopieris 
known  in  Africa.  In  Tasmania  G.  iyelopieroidis  has  been  found  with  its  varieties* 
G.  aHtnuata  and  G.  sudamricula/a,  all  in  the  Mersey  coalfield,  Equiuiii^f 
mortnianuXi  Kurtz,  may  be  compared  with  the  vifious  remains  of  the  families  o^ 
the  EquisiaeetB,  and  of  theSchizoneure  found  in  the  Talchir  Kaharbari  beds,  and 
very  probably  belongs  to  .the  genus  Sikizoneura^  «rhich  would  clear  up  an 
important  point  connected  with  the  Damuda-Panchet  system ;  in  Australia  the 
genus  Phylloiheca  is  represented  in  the  group  of  the  Schizoneurse.  Sphenotamties 
nmUinervis,  Kuxtz,  stands  isolated  and  cannot  be  c4)mpared  with  forms 
elsewhere. 

Notggerafktcpsis,  Hislopi,  Fstm.,  occurs  in  the  Talchir-Kaharbari  beds  and  in 
the  middle  Gondwanas  (frequently  at  Damuda  and  South  Aurunga);  in  the 
upper  Gondwana  (Rajmabal  series)  no  species  of  Noeggerathiopsis  exist  (although 
they  occur  at  Tonkin).  In  Africa  N,  Hislopi,  Fstm.,  is  only  seen  in  thejKimberle/ 
beds,  and  in  Tasmania   the    species    has   been    found  in  the  Mersey  coalfield* 


Bajo  de  Velis. 


Neuropteridium  validum,  Fstm. 

Can  jramopteris  cyclopteroides, 
Fstm. 

Equisetltes  Morenianus,  Kurtz. 

Spbenoiamites       inu]tiner?is, 


Ekka-Kimbertey  beds. 


Gangamopterts      cyclopteroi- 
des,  Ffftm.  var. 


Kaharbari  bed. 


^leuropterrdium  validam.  Fstm. 

Gaof^amopteris  cyclopteroides 
Fstm. 
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NewGB«tIc  liedt  (New  Soath 
Wales). 


BacdiuB-Marsh  Sandttone 
(Victoria). 


Brachvphyllurn  austrate,  Fstni. 
(?) ;  cf.  Schimper-Schenk, 
Palsophytologiey      pp.      33  >• 
336). 


Mersej  Coalfield  (Taimania). 


where  it  is  associated  with  another  species  of  the  same  genns,  A^.  media  (Dana), 
Fstm.  This  last  and  two  more  species  have  been  likewise  found  in  New  South 
Wale».i 

The  better  to  compare  the  relations  which  exist  between  the  fossil  flora  of  Bajo 
de  Velis  and  the  plants  of  the  other  areas,  which  we  have  had  under  consideration, 
I  have  compiled  a  table  of  the  data  available. 

From  the  data  given  in  the  following  table  it  may  be  concluded  that  the  fossil 
flora  of  Bajo  de  Velis  belongs  to  the  same  geological  horizon  which  holds  the  other 
5  plants  mentioned,  and  that  its  prototype  is  the  flora  of  the  Talchir-Kaharbafi 
beds  of  the  lower  Gondwanas.  The  palaeophjtologist  O.  Feistmantel  has  already 
discussed  at  some  length  the  relation  which  the  lower  gondwanas,  and  the  strata  in 
Africa  and  Australia,  occupy  to  the  recognized  horizons,  especially  those  of  Europe, 
and  has  arrived  at  the  conclusion  that  the  formations  in  question  belong  to  the 
Permian  system,  that  is  to  say,  that  they  represent  the  close  of  the  ()al£Ozoic  group, 
a  conclusion  which  several  Australian  geologists  have  endorsed,  and  which  in  my 
opinion  may  be  generally  adopted  with  reference  to  the  age  of  the  beds  in 
Argentina'  :— 

'  The  genua  Giessopttris,  so  abundantly  represented  in  the  Tarious  strata  of  the  Gondwana 
trystem  in  Sonth  Africa,  India  and  Australia,  where  it  appears  for  the  firstt  time  in  the  upper 
carboniferous  strata  (Queensland)  and  rises  to  the  upper  Trias  or  the  lower  Jurassic  ("  JubbuU 
pore  group  ")  is  completely  wanting  in  America  (as  alsu  in  Europe)  ;  Glossopteris  is  chiefly 
,  distinguished  from  the  genus  Gangamopteris  by  the  existence  on  its  fronds  of  a  median  vein, 
which  character  is  completely  absent  in  Gangamopteris. 

*  It  must  be  mentioned  here  that  this  view  had  practically  been  adopted  by  the  members 
of  the  Geological  Survey  of  India  some  time  before  Or.  Feistmantel  would  admit  it  himself. 
(Director  Geological  Survey  of  India.) 


Newcastle  beds. 

Bacchus-Marsh  Sandstone. 

Mersey    coalSeld. 

.Gaiigamopterii>.(i  apec.)> 

r 

GaogHraopteris  (3  siiec  ). 

rangamopteris  cyelopteroides, 
Pstm.^  cum  var.  et  3  smc. 

alt. 
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Bajo  de  Velit. 


Ekka-Kimberley  beds. 


Kaharbari  beds. 


Noe^rgerathtopsis         Hisiopii 
Kstm. 

N.  Kislopi  var.  subrhomboida- 
lis,  Fstm. 

N   Hislopi  var.  eurypbylloides, 
KurtE. 


NoegS^erathiopsis        Hislopi, 
Fstm. 


Noeggerathiopsis        Htslopif 
Fstm. 

N.  Hislopi   var.  subrbomboi- 
dalis,  Fstm. 


Up  to  date  we  know  of  three  rock-formations  in  Argentina  which  have 
yielded  fossil  plants.  The  first  is  that  of  Retamito  in  San  Juan,  which  corre- 
sponds to  the  lower  carboniferous  (Culm)  as  Dr.  L.  Szajnocha  ^  has  already  shown  ; 
then  follows  the  flora  of  Bajo  de  Velis  which  has  no  species  in  common  with 
the  preceding  formation  nor  with  the  following  series.  The  latter  occurs  in  the 
neighbourhood  of  Cacheuta,  Challas  and  Uspallota  in  Mendoza,  at  Mareyes  in  San 
Juan,  and  in  the  Escalera  de  Famatina  in  La  Rioja.  The  fossils  found  at  the  latter 
places  belong  to  completely  different  flora,  which  Professor  H.  B.  Geinitz  has 
already  determined  as  belonging  to  the  rhaetic,'  a  conclusion  confirmed  by 
Dr.  A.  Stelzner  •  and  also  by  Dr.  L.  Szajnocha*. 

To  the  same  epoch  belong  the  fossil  plants,  which  are  found  in  the  Stormberg 
beds  (Upper  Karoo)  of  South  Africa ;  in  the  Tivoli-Ipswich  beds  of  Queensland  ; 
in  the  Wianamatta-Hawkesbury  beds  of  New  South  Wales ;  and  in  the  Jerusalem 
beds  of  Tasmania :  that  is  to  say,  that  these  fossil  plants  occur  in  horizons  between 
the  upper  triassic  and  lower  Jurassic  systems.  In  India  the  lower  beds  of  the 
Rijmahdl  series  (Upper  Gondwanas)  correspond  more  or  less  to  the  rhaetic  system. 

In  the  following  table  I  have  arranged  the  plant-bearing  beds  of  Argentina 
according  to  their  geological  horizons : — 


Series  of  beds  at  Cacbeuta,  Challas,  Uspallata, 
Marayes,  Escalera  de  Famatina. 

Rhaetic. 

? 

Trias. 

Bajo  de  Velis  series. 

Permian. 

P 

Upper  carboniferous. 

Retamito  series. 

Lower  carboniferoos  (Culm). 

*  Revista,  Vol.  VI,  p.  119;  see  also  Sts.  Ber.  Kais.  Akad.  d.  Wissenscb.  Wien,  Vol.  C,  pt. 
4,  p.ao3  (Dif .,  G.  S.  I.). 

'  Ueber  rhsetische  Pflanxen  and  Thierreste  in  den  Argentinischen  ProTinzen  La  Rioja 
San  Juan  and  Mendoia :  1876  (Palssontograpbica  Suppl.  III.). 

'  Beitrage  zur  Geologie  nad  Palsontologie  der  Argentinischen  Republic*  1 :  1885,  pp« 


<  Ueber  fossile  Pflansenreste  aus  Cacbeuta  in  der  Ar^entiniscben  RcpabliCt  Site.  Ber* 
Kais.  Akad.  Wiss.  Wien-i  Vol.  XCVIIi  pt.  i,  1888,  pp.  219-245* 
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Newcastle  beds. 

Bacchus-Marsh  Sandstone. 

Mersey  coalfield. 

Noeggeralbiopsis  (1  spec.)* 

Noeggerathiopsis        Hislopi^ 
Fstro. 

g 

Note  by  the  Director^  O,  S.  /. — The  evidence  afforded  in  the  above  paper  ha8 
such  a  strong  bearing  on  the  age  and  relations  of  the  most  important.of  all  our  rock- 
formations  of  India,  namely  the  coal-bearing  Gondwanas,  that  it  appeared 
advisable  to  have  it  translated  from  the  Spanish  original,  which  has  been  ably  done 
by  Mr.  John  Gillespie,  to  whom  our  acknowledgments  are  due. 

One  of  the  chief  points  of  interest  in  connection  with  the  discovery  of  Gondwana 
plants  in  Argentina  lies  in  the  fact  that  tfiere  we  have  an  unquestionable  lower 
carboniferous  series  (Retamito)  in  the  neighbourhood  of  which  (and  probably  nncon- 
lormablf  to  it)  a  series  of  beds  is  found,  which  contains  well  known  lower  Gondwana 
^pedes  of  plants,  thereby  limiting  the  geological  range  of  the  lowest  beds  of  it,  at 
all  events  to  upper  carboniferous  at  most,  which  is  a  further  confirmation,  long 
figo  and  independently  arrived  at  by  the  authors  of  the  "Manual"  (ist^edition) 
iU»d  g^nerall^  adopted  by  the  Geological  Survey  of  India, 


Notes  from  the  Geological  Survey  of  India, 

I.  Central  India,  Xewah.-^Vlu  Oldham  with  Mr.  Datta  have  continued  their 
surveys  in  Rewah,  and  some  of  the  results  of  their  work  have  already  been 
noticed  in  my  annuail  report  and  in  the  "  Notes,"  Records,  part  2 ;  with  regard  to 
the  Vindhyans  and  underlying  rocks  no  specially  new  facts  have  come  to  light ; 
but,  on  the  other  hand,  Mr.  Oldham  has  latterly  been  engaged  in  the  survey  of 
a  patch  of  Gondwanas,  which  contained  several  rather  fair  coal-seams,  though  few 
over  three  feet  in  thickness.  The  total  extent  of  the  surveyed  area  of  the  coal- 
BeaJBores  is  about  acx>  square  miles,  and  it  is  situated  east  of  the 'Mohan  river, 
shown  in  sheet  476  of  the  Rewah  survey. 

Near  their  .western  limit  they  are  covered  by  red  ferruginous  sandstones  and 
shales,  whose  extent  has  not  been  determined.  The  Barakar  age  (already  deter- 
mined conectly  by  Mr.  Smith)  is  clearly  shown*  by  the  fossil  contents,  amongst 
which  are  Verteirarta,  Glossopteris,  Schizoneura^  etc.  Two  coal-seams  of  6  feet 
and  5  feet  6  inches  thickness  were  found  by  Mr.  Oldham ;  the  fortner  is  t\  miles 
aouth-west  by  west  of  Ujeini,  the  latter,  a  miles  noith  of  Amlia,  both  places  near 
the  eastern  edge  of  the  standard  sheet  476. 
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II.  Jiiodras. — ^Mr.  Middlemiss  continued  his  researches  in  the  Salem  district 
and  reports  in  February. 

(i)  Magnesite  and  ulira-hasic  rock  of  Valaiyapaddi — ^The  magnesite  is  present 
in  very  small  qua;ntities.  The  rocks  associated  with  it  entirely  resemble,  those  at 
the  north-west  end  oF  Kinjamallai,  so  far  as  their  appearance  in  the  field  goes. 
Forming  a  long  low  ridge,  running  east  and  west  from  Valaiyapaddi,  there  are 
interesting  examples  of  the  above  type  in  close  association  with  a  very  acid  rock^ 
namely,  a  coarse  graphic  granite  composed  almost  entirely  of  pink  orthoclase 
and  quartz.  Both  rocks  are  intrusive  among  the  basal  gneisses  of  that  area  in 
parallel  lines.  Some  gooi  instances  of  this  are  to  be  found  west  of  Valaiyapaddi. 
The  graphic  granite  was  probably  intruded  last. 

{2)  CAarnockiie,  south  of  Salem, — Between  Mnttu  Kalipatti  and  Salem  on  the 
Namakal-Salem  road  a  great  exposure  of  chairnockite  occurs.  From  its  positiont 
strike,  and  general  appearance  it  is  a  continuation  of  the  Shevaroy  Hills  massif. 

O)  Chalk  fftils.^The  final  few  days  spent  at  the  Chalk  Hills  enabled  me  to 
secure  some  "  camera  "  sketches  and  photographs.  As  a  whole,  the  aspect  of 
each  magnes'te  area  is  that  of  a  series  o(  concentric  ellipses  (roughly  speaking) 
of  rocks  of  varying  composition  and  basicity.  At  the  centre  of  each  area  occurs 
the  chromite  in  veins  among  the  dunite  and  serpentine ;  surrounding  this  is  a 
paler  dunite  zone  (almost  pure  olivine,  or  partly  or  wholly  converted  into  magne- 
fiite).  Surrounding  this  again  is  a  small  ring  of  rocks  containing  olivine  and 
pyroxene  with  sometimes  biotite.  Surrounding  this  at  certain  points  come  rocks 
like  the  last,  but  with  felspar  and  quartz  in  small  quantities.  Finally,  surrpunding 
the  whole  area  come  great  ridges  of  hornblende-garnet  rocks  set  among  and  with 
the  ordinary  gneisses  of  the  country. 

(^)  Corundum  hcaltiies,  Coimbaiore  Disirici. — The  corundum  localities  visited 
in  Coimbatore  embraced  Selengapalaiyam  near  Kavanthapatti  where  the  mineral 
is  only  sparingly  found  and  picked  up  from  the  surface  after  heavy  rain.  It  i  s 
similarly  found  at  Gopichettipalaiyam  in  one  small  field.  The  locality  of  Siva 
Mallai  is  the  best  that  I  have  yet  seen.  The  mineral  is  regularly  worked  for  and 
occurs  as  large  hexagonal  prisms  scattered  about  in  an  extremely  coarse  biotite 
.  granite  with  pink  felspar.  The  latter  follows  along  the  north-west  side  of  a  range 
ofibw  gneiss  hills,  a  continuation  of  the  Siva- Mallai.  The  cbnindum  is  chiefly 
found  on  the  margins  of  the  granite  veins. 

IlL  SaluchiMn.^Di^ihg  February  Mr.  Smith  examined  the  high  ratige 
between  the  Ldni  plain  and  the  Zhdb  territory.  This  range  is  apparently  formed  of 
massive  Jurassic  limestone,  containing  ammonites ;  its  thickness  is  very  great,  and 
in  the  Wat  pass»  which  leads  through  the  centre  of  the  lange,  it  is  quite  1,060  feet, 
all  within  sight,  and  the  base  is  not  exposed.  

This  grey,  massive  limestone  is  overlaid  by  the  neocomian  belemBite  be^s, 
consisting  of  yellowish  to  pink,  light  green  and  white  shaly  limestones  and  shales,—- 
conformably  apparently.  The  entire  area  near  Mekhtar  is  formed  of  these  beds, 
-which  yielded  belemnites  in  abundance  besides  some  ammonites. 

This  neocomian  horizon  is  overlaid  by  a  great  series,  which  Mr.  Smith  was 
«nable  to  divide  further j  but  which  seems  to  have  varied  a  good  deal  lithologically ; 
the  middle  of  the  series  appiarently  contained  nummuUtic  limestone  beds,  and  the 
uppermost  beds  were  capped  by  the  white  nummulitic  limestone  of  the  Spintangt 
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beds.     Some  of  the  beds  of  this  great  series  appear  to  be  derived  from  volcanic 
material,  and  even  basaltic  rock  was  met  with. 

There  can  be  little  doubt  but  that  this  sequence  of  beds  represents  the  great 
belt  of  strata,  which  extends  from  south  of  Hindu  B^h,  north  of  the  Loralai  hills 
along  the  southern  side  of  the  Zhdb  valley,  and  which  show  such  a  well  pronounced 
lljsch  character.  The  lowermost  beds  are  upper  cretaceous,  whilst  the  whole 
lower  and  middle  nummulitic  division  of  the  tertiary  system  is  represented. 
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I.— INTRODUCTION. 

I.  The  dyke-rocks  of  the  Giridih  coalfield  have  been  mentioned  and  mapped  hj 
Mr.T.W.  H.Hughes,  late  Superintendent,  Geological  Survey  of  India,  in  a  memoir 
published  in  i868^  The  15  dykes  described  by  that  author  were,  classified  as 
O)  dioriti^;  tntps,  (2)  compact  felspathic  traps,  and  (3)  micaceous  traps.  Mr.  Hughes 

>  Mom.  Cool,  Surv,  /«rf.,  VoL  VII,  p.  a09. 
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has  also  brieflj  referred  to  the  crystalline  rocks  which  fringe  the  whole  coalfield 
and  form  also  two  faulted  inliers  amongst  the  Talchirs  in  the  north-west  corner. 

a.  Later  investigations  facilitated  by  widely-extended  snbseqoent  mining  opera- 
tions have  enabled  as  to  add  many  facts  concerning  the  relations  and  field  charac- 
ters of  these  dykes,  whilst  microscopic  and  chemical  examination  in  the  laboratory 
of  the  large  number  of  specimens  collected  has  revealed  many  additional  facts, 
which  appear  to  be  of  both  local  and  geneial  interest.  We  gratefolly  acknowledge 
the  help  most  generously  given  in  many  ways  by  Mr.  T.  H.  Ward,  F.GJS. 

II.— GENERAL  STRATIGRAPHICAL  CHARACTERS  OF 
THE  COALFIELD. 

3.  The  Giridih  (Knrhnrbaree)  coalfield  consists  of  a  small  patch  of  strata  of 
Barakar  and  Talchir  age,  measuring  11  square  miles,  and  preserved  between  three 
nearly  parallel  faults,  which  trend  east  and  west.  The  Barakars  appear  at  the 
surface  for  over  7  square  miles  and  the  Talchirs  for  over  3^  square  miles,  the 
remainder  {  square  miles,  being  inliers  of  crystalline  rocks. 

4.  The  Baiakarsy  having  a  total  thickness  of  nearly  1,000  feet,  include  at  the 

^  top  several  great  seams  of  inferior  coal  (the  hill  teams) 

"*        **^'  with  coarse  sandstones,  conglomerates  and  dark  felspathic 

grits,  lying  on  500  feet  of  light-grey,  coarse  sandstones  and  conglomerates  con- 
taining well-rounded  boulders  of  quartzite,  with  dark  grey  grits,  and  a  few  bands 
of  shale  or  impure  coal.  Underneath  these  beds  occur  150  feet  of  grits  in  which 
the  two  main  seams  of  Kurhurbaree  coal  occur  (Kurhurbaree  upper  and  lower  seams). 

5.  The  Talchirs,  lying  below  the  Barakars,  consist  of  friable,  greenish  and 
T  I  hi  Sim  yellowish   sandstones  overlying  yellow  and  blue  shales, 

^*  which  weather  in  a  very  characteristic  fashion  into  nodular 

masses  and  acicular  fragments.  Underneath  these  shales  occurs  the  well-known 
boulder-bed.    The  total  thickness  of  the  Talchirs  is  about  150  feet* 


III.^THE  IGNEOUS  ROCKS. 

6.  According  to  their  geological  age,  the  igneous  rocks  may  be  grouped  into—* 

(a)  those  which  were  intruded  into  the  crystalline  series  before  the  deposi* 
tion  of  the  Talchir  group,  and 

(P)  those  which  have  been  intruded  subsequent  to  that  period,  and,  pro- 
bably, subsequent  to  the  formation  of  the  youngest  Damuda  rocks 
in  Bengal. 

7.  The  time  which  elapsed,  therefore,  between  these  two  sets  of  intrusions  was 
at  least  as  great  as  that  required  for  the  deposition  of  the  Damuda  series.  We  shall 
give  below  (paras.  1 7,  x  8  and  30)  the  evidences  which  suggest  that  some  of  the  former 
group  of  intrusive  rocks  {Pre^Damuda)  were  subjected  to  statical  metamorphism 

*  Detailed  desoriptioni  of  the  stratigraphy  of  this  area  will  be  found  in  the  memoirs  by 
Mr.  Hughes  (Hem,  GeoL  Sur9.  Ind.^  Vol.  VII  (1868),  p.  909).  and  in  a  paper  recently  pub* 
llshed  by  one  of  us  (Saise,  Rgg,  Gioi.  Surv.  Ind.,  Vol.  XXVII  (18^),  p.  85).  Reference  to 
previous  literature  on  the  same  subject  will  be  foaod  in  these  papers. 
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at  the  time  of  the  intrasion  of  the  oldest  of  the  latter  group  {Post-Damuda\  and 
subsequently  sufifered  from  the  results  of  dynamical  metamorphism,  probably  when 
tiie  main  faults  of  the  field  were  developed, 

(«)  PRE-DAMUDA  IGNEOUS  ROCKS. 

8.  The  crystalline  rocks,  which  have  already  been  mentioned,  have  been 
invaded  by  igneous  rocks  whose  pre-Damuda  age  is  assumed  principally  from 
negative  evidence*  They  can  be  traced  up  to  the  boundary  faults  in  several  places, 
but  are  never  found  within  the  limits  of  the  stratified  area ;  they  are  assumed, 
therefore,  to  be  older  than  the  boundary  faults,  and,  with  less  certainty,  than  the 
Damuda  strata  forming  the  coalfield.  The  dyke  of  eurite  on  the  north  of  the  field 
marks  the  boundary  for  a  considerable  distance,  the  plane  of  the  dyke-face  form- 
ing apparently  a  line  of  low  resistance  along  which  the  fault  has  developed. 

9.  Neglecting  the  question  of  the  origin  of  the  ordinary  crystalline  gneisses  and 
schists,  the  rocks  which  form  well-defined  dykes  and  are  considered  to  be  of  im- 
mediate igneous  origin  are — 

(i)  Diorites. 

(a)  Granites  and  Eurites. 

(i)  Diorites. 

la  By  their  resistance  to  the  weather,  the  diorites  generally  rise  as  small  hills 
from  amongst  the  crystalline  series.  Similar  rocks,  in  which,  in  hand-specimen, 
homhlende  is  always  a  prominent  constituent,  occur  as  dykes  in  various  places 
amongst  the  crystallines  of  Chota  Nagpore,  the  Sonthal  Pergunnahs  and  Raniganj, 
but  never  breaking  through  the  sedimentary  rocks. 

II.  The  way  in  which  these  have  developed  from  an  original  pyroxene-plagio- 

o  •  •  of  fth  d*  let  ^^**^  ^^^^  **  ^^^  easily  demonstrated  in  almost  every  one 
ngin  e  lort  .  ^^  ^^^^^  masses ;  but  the  secondary  changes  which  have 
been  brought  about  by  both  statical  and  dynamical  metamorphism  show  some 
interesting  variations  in  the  difiFerent  localities.  On  the  north  and  east  of  the 
coalfield,  for  instance,  the  development  of  homhlende  from  the  original  pyroxene, 
and  of  a  grannlitic  structure  from  an  original  granitic  one,  is  accompanied  by  the 
production  *of  large  quantities  of  scapolite.  In  these  rocks  a  prominent  constituent 
is  apatite.  On  the  south  of  the  coalfield,  on  the  other  hand,  the  augitic  rocks  pass 
into  homhlende-granulites  and  even  homhlende-schists,  which  are  entirely  devoid 
of  scapolite.  It  is  very  interesting  to  note  that  in  these  rocks,  which  do  not  give 
rise  to  scapolite,  there  is,  unlike  those  of  the  northern  margin^  not  a  trace  of  apatite. 

WerneritiBation. 

I  J.  In  the  rock  described  in  1875  by  Brogger  and  Reusch'  as  ^//fril/^  Gahhro^ 
and  in  which  the  apatite  veins  of  Oedegaarden  occur,  Professor  Judd  has  traced 
the  changes  by  which  plagioclase-felspar  has  been  transformed  into  scapolite. 
Uquids  under  pressure  and  containing, chlorine  in  some  form  or  other  produced 

•  Zeituhr,  d.  d.  ggol.  (hs,.  Vol.  XXVII,  p.  646. 
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cavities  by  soluticm  along  the  twin-planes  in  the  felspar,  and  these  cavities  became 
filled  with  supersaturated  solutions  of  sodium-chloride.  Following  these  changes, 
which  form  a  part  of  the  statical  metamorphism*  to  which  the  rock  has  been  subjected, 
crushing  of  the  mass  has  produced  a  granulitic  structure  accompanied  by  the  conver- 
sion of  the  mixture  of  plagioclase  and  sodic  chloride  into  crystals  of  scapolite*.  In 
the  homblendic  rocks  on  the  north-east  boundary  of  the  Giridih  coalfield,  in  the 
neighbourhood  of  Paharidih  and  Mongrodih,  we  have  a  most  striking  illustration 
of  the  development  of  scapolite  from  plagioclase  by  the  successive  efiEecU  of  statical 
and  dynamical  metamorphism  similar  to  those  which  have  been  so  beautifully 
traced  in  the  celebrated  Apafitbringer  of  Oedegaarden  in  Norway  by  Professor 
Judd. 

13.  The  original  rock  contained  both  monoclinic  and   rhombic  pyroxenes. 

The  former  appears  under  the  microscope  as  colouriess 
f  ^rn™al  y^®"P®'''***"     plates  with  a  feeble  attempt  at  an  ophitic  arrangement  around 

the  felspars.  These  are  invariably  changed  at  their  mar- 
gins into  granules  of  hornblende.  The  rhombic  pyroxene  occurs  in  minute 
granular  aggregates  darkened  by  the  products  of  schillerization  and  forming  at  the 
junctions  with  felspar  reactionary  fringes  which  are  composed  of  radially  arranged 
blebs  of  a  colourless  mineral  and  hornblende. 

14.  The  plagioclase  felspars  are  invariably  crowded  with  minute  colourless 

liquid  inclusions  arranged  along  the  twin-planes  (see  plate 
Statical   mcUmorph-     ^       x     ^    ^j^     crushed  rock  gave,  with  nitric  acid  and 
ism  of  the  plagioclase.         **6«  a/*  .      ,      .,  .         «.  .,    ., 

silver  nitrate,  unmistakeable  reactions  for  a  chlonde,  we 

concluded  that  these  inclusions,  like  those  in  the  Oedegaarden  rocki  are  solutions 
of  sodic  chloride. 

15.  Amongst  the  accessory  constituents,  crystals  of  black  iron  ores,  garnet  which 

is  of  secondary  origin,  apatite,  quartz  and  calcite  are  found 
Accessory  constituents.     .^  ^^^^j  quantities. 

i6«  This  compact  rock  with  graniiic  structure,  composed  almost   wholly  of 

pyroxene  and  plagioclasi^  and  in  which  the  effects  of  statical 

hUm  ouSlroirkr'"^''     mctamorphism  arc  so  strikingly  shown,  passes  within  a 

short  distance  along  the  same  dyke  into  a  distinctly  foliated 

granulitic  rock,  in  which  hornblende  and  scapolite,  by  far  the  most  abundant 

constituents,  are  mixed  with  a  granulitic  ^iggregate  of  clear  felspar  and  quartz. 

Not  the  least  interesting  features  in  the  rock  are  the  patches  which  have  escaped 

the  effects  of   the    dynamo-metamorphism.    In  these  the  old  granitic  structure 

is  preserved  and  the  feUpars  still  clouded  with  inclusions,  whilst  scapolite  is 

absent, 

17.  The  frequent  close  association  of  apatite  and  scapolite  in  Norway,  Canada 
and   elsewhere,    naturally    reminds  us  of  the  remarkable 
Paragenesis  of  apa-     apatite-bearing  peridotite  which  breaks  through  the  Damuda 
tite  and  scapolite.  *^        .....  ...        ,       ^      <■    .  .. 

Strata  m  the  immediate  neighbourhood   of  the  scapohte- 

bearing  rocks  of  this  area.  According  to  the  analyses  of  Waage,  quoted  by  Brogger 
and  Reusch^the  apatite  of  Oedegaarden  contains  from  3  to  5*8  per  cent,  of  chlorine. 
In  the  Giridih  area  also  the  apatite  of  the  peridotite  is  a  chlor-apatite.    We  have 

«  On  statical  and  dynamical  metamorphism  :  GeoK  Mag,,  Dec.  HI,  Vol.  VI  (1889),  p.  943. 

•  Min  Mag.,  Vol.  VIII  (1889),  p.  186. 

*  Loc.  cii^  p.   674. 
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thus  a  suggestion  for  the  origin  of  the  chlorine,  which  has  in  both  cases  bronght 
about  the  preliminary  changes  necessary  for  the  formation  of  scapolite  from 
plagioclase  in  a  previously-formed  pyroxene-felspar  rock,  such  as  that  at  Mongrodih 
and  the  geflecttr  Gahhro  of  Oedegaarden. 

18.  Accepting  this  explanation,  the  formation  of  the  scapolite  may  have  com- 
menced at  any  time  after  the  deposition  of  the  Damuda 
Geologieal  age  of  the     rocks,  which  we   shall   show  to  be  the  oldest  limit  of  the 
^^  peridotite  intrusion  (see  para.  29 — 31 ;  also  Holland,  Rtc, 

Geol.  Surv.  Ind.^  vol.  XXVII  (1894),  p.  132).  For  the  subsequent  movements  of  the 
rocks  which  gave  rise  to  the  granulitic  and  foliated  structures,  the  Rajmahal  erup- 
tions which  fissured  the  country  in  all  directions  must  have  been  sufficient  to 
account  for  the  younger  ^ults  and  the  small  amount  of  crushing  which  has  pro- 
duced a  rough  foliation  approximately  parallel  to  the  main  faults.  We  consider 
that  the  intrusion  of  the  peridotite,  the  production  of  the  leading  faults,  and  the 
werneritization  of  the  pyroxene-felspar  rocks  occurred  in  close  succession,  at  a 
period  not  far  removed  from  the  time  of  the  deposition  of  the  Fanchet  rocks. 

UralitizatioH. 

19.  The  production  of  hornblende  by  paramorphism  of  the  augite  is  the  most 
conspicuous  amongst  the  secondary  changes  which  have  been  produced  in  the 
pre-Damuda  pyroxene-plagioclase  intrusions.  There  are  two  principal  types  of 
this  change :  (i)  At  Bonkhoonju,  a  small  peak  west  of  the  Oosri  nuddi  and  north 
of  the  coalfield,  hornblende  develops  with  ciystallographic  parallelism  to  the 
porphyritic  augite  from  which  it  is  derived,  and  the  rocks  have  suffered  compara- 
tively little  from  crushing.  (2)  In  Chepo  hill  and  near  Gujiadih,  on  the  southern 
border  of  the  coalfield,  where  the  band  of  dioritic  rocks  runs  east-north-east  and 
west-south-west,  parallel  to  the  general  strike  of  foliation  in  the  crystalline  series, 
the  hornblende  has  formed  in  isolated  crystals  in  the  augite  without  definite 
crystallographic  relations  to  the  latter,  whilst  the  rocks  themselves  are  sometimes 
so  crushed  and  foliated  that  they  become  fissile  hornblende-schists. 

20.  (i)  In  the  rocks  from  Bonkhoonju  hill  the  large  phenocrysts  of  augite  are 

darkened  with  schillerization  plates,  and  the  change  to 
khoon-^****""*  **  ^^"^     hornblende  takes  place  along  the  margins  of  the  crystals, 
^  "^  extending  inwards  to  varying  degrees.    The  hornblende 

selvages  so  formed  show  optical  continuity  over  considerable  areas,  the  vertical 
crystallographic  axis  of  the  mineral  generally  coinciding  with  that  of  the  augite 
undergoing  the  paramorphic  change. 

There  are  again  two  types  of  these  rocks.    In  one  lot  the  large  augites  show  a 

lustre-mottling  in  the  hand-specimen,  whilst  Uie  felspars 

Wkhoot  tfiapohte.      j^xBxn  their  original  long  prismatic  shapes,  and  are  darkened 

by  inclusions.    In  this  type  there  are  patches  of  biotite  generally  with  a  lump  of 

black  iron-ore  in  the  centre  of  each  patch,  and  a  granular  pleochroic  rhombic 

pyroxene  which  occurs  in  conspicuous  qoantities.    In  the  other  type,  the  felspars  show 

a  granulitic  structure,  with  either  clear  scapolite  crystals  or 

With  scapolite.  patches  of  a  grey  fibrous  material  which  strongly  resemble 

the  decomposition-products    of  scapolite.    Biotite  occurs   irregularly  bat  always 

intimately  associated  with  the  hornblende  from  which  it  has  possibly  been  derived. 

Sphene  and  apatite  are  scattered  irregularly  through  all  these  rocks. 
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a  I.  (a)  The  Chepo  hill  mass  shows  generally  a  more  advanced  stage  in  the 
uraiitization  to  hornblende,  the  crystals  springing  np  at 
and  Gu-ifdihr  **  ^^^^  irregular  intervals  in  the  augite  crystals,  and  showing  little 
regard  for  the  optical  orientation  of  their  neighbours. 
Epidorites  and  even  well-foliated  hornblende-schists  occur  along  the  same  band  of 
rocks  at  Gujiadih.  Sphene  and  colourless  epidote  are  represented,  but  apatite 
(unlike  the  Bonkhoonju  rocks)  is  noticeably  absent;  the  acicular  crystals  scattered 
Uirough  the  felspar  shew  a  much  higher  double  refraction  than  that  of  apatite. 


(2)   EURITES. 

33.  Besides  the  masses  of  binary  granite  which  occur  at  several  places  amongst 
the  felspathic  gneisses,  there  are  two  large  dykes  of  eurite— one  running  close 
to  the  northern  boundary  fault,  and  for  some  distance  along  the  fault  (see  para. 
8),  and  the  other  running  in  a  parallel  direction  on  the  southern  boundary  from  a 
point  a  little  to  the  south  of  the  junction  of  the  Komaljore  and  Suni  nadis  to  a  point 
where  the  latter  crosses  the  fault 

33.  The  eurite  is  a  dark-green  compact  rock  exhibiting  a  fracture  which  is 

conchoidal,  except  where  interrupted  by   the  numerous 
^tSk '"^     ^*     ***•     inclusions  of  hornblende-granite.    Quartz  in  small  granules 

is  scattered  through  the  grey  microcrystalline  matrix,  and 
sometimes  occurs  in  larger  fragments  which  show  crystal  outlines.  The  absence 
of  ferro*magnesian  silicates  amongst  the  phenociysts  is  a  very  noticeable  feature. 
The  patches  of  coarse-grained  granitic  material,  giving  a  glomero-porphyritic 
structure  to  the  rock,  contain  considerable  proportions  of  plagioclase  with  small 
quantities  of  hornblende.  The  whole  rock  has  been  brecciated  and  the  pieces 
re-cemented  with  granular  quartz. 


(h)  POST-DAMUDA  INTRUSIONS. 

34.  The  dykes  which  break  through  the  stratified  rocks  of  Damuda  age  are  of 
two  very  distinct  types : — 

(i)  A  group  of  mica*peridotites  remarkable  for  the  amount  of  apatite  they 

contain,  and, 
(3)  large  dykes  of  basalt,  younger  than  the  foregoing  set  and  probably  the 

underground  representatives  of  the  Rajmahal  lava-flows. 
Dykes  of  the  former  class  can  generally  be  identified  with  the  compact  felspathic 
and  micaceous  traps  of  Mr.  Hughes,  whilst  the  latter  are  referred  to  as  dioritic 
traps  by  the  same  author, 

(i)  Peridotites. 

35.  The  rocks  which  have  been  generally  known  to  previous  wrticrs  as  "  mica 

traps"  occur  in  this  and  in  most  of  the  Bengal  coalfields  in 

i\^\n^^^%!^^'^^'     the  form  of  dykes  and  intrusive  sheets  with  very  marked 

characteristics.  The  dykes  are  generally  narrow  (3—5  feet) 
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and  at  the  surface  are  always  decomposed  to  a  soft  buff-coloured  crumbling  earth, 
which  is  often  vesicular  and  contains  remnants  of  partiallj-decomposed  bundles 
of  mica.  Traced  below  the  surface  in  the  colliery  workings,  these  dykes  are  seen  to 
send  out  ramifying  apophyses  into  the  surrounding  coal  and  sandstones,  and  in  some 
places  they  thicken  out  into  boss-like  masses,  or  even  spread  out  in  wide  sheets 
along  the  bedding  planes,  coking  the  coal  with  the  production  of  beautiful  colum- 
nar structures,  baking  the  shales,  and  partially  fusing  the  felspathic  sandstones  into 
compact  rocks,  which  sometimes  show  structures  in  section  like  those  seen  in 
rhyolites  (para.  53). 

26.  As  compared  with  other  igneous  intrusions  of  this  area,  the  results  of  the 
widely-extended  results  of  contact-metamorphism  produced  by  the  irruption  of 
these  "mica traps"  everywhere  appear  to  a  very  marked  degree.  Taking  this 
fact  into  consideration  with  the  length  of  such  narrow  dykes  in  the  different  coal- 
fields, it  seems  natural  to  suppose,  as  previously  suggested  by  one  of  us,^  that  the 
igneous  material  was  injected  in  a  very  mobile  condition  at  an  exceptionally  high 
temperature. 

37.  The  colliery  workings,  besides  enabling  us  to  trace  the  various  ramifications 

of  these  intrusive  rocks,  have  exposed  at  greater  depths 
ten  oTtbr^eridotii«r*     masses  of  the  rock  which  have  suffered  very  little  from 

secondary  decomposition.  The  microscopic  character?, 
which  have  been  described  in  detail  by  one  of  us,^  prove  it  to  be  of  a  type  quite 
unique  amongst  the  remarkable  group  of  peridotites.  A  character  which  seems 
to-be  constant  throughout  the  coalfield  is  the  most  exceptional  quantity  of  apatite 
amongst  the  constituents  of  this  peridotite,  amounting  in  the  freshest  specimens 
obtained  to  as  much  as  1 1*5  per  cent,  of  the  rock.  In  these  specimens  which  were 
obtained  from  the  boss-like  expansion  in  No.  7  Jogitand  shaft,  the  apatite  is  accom- 
panied by  biodte,  olivine,  magnetite,  chromite  and  a  grey  base  which  is  considered 
to  be  the  vitreous  residue  of  the  rapidly  cooled  and  imperfectly  crystallized  magma. 
In  other  places  augite  and  anthophyllite  are  amongst  the  ferro-magnesian  constitu- 
ents. Whilst  the  corresponding  rocks  in  the  Darjeeling  coal-measures,  where,  by 
the  way,  apatite  is  subordinate  in  quantity,  are  sometimes  composed  entirely 
of  crystals,  those  of  the  Giridih  coalfield  are,  so  far  as  our  researches  show, 
always  hemicrystalline  like  the  kimberlites  described  by  Carvill  Lewis  in  the 
Gondwana  rocks  of  South  Africa.  As  might  be  expected,  the  central  portions 
of  the  larger  masses  are  always  coarser  in  grain  than  the  more  rapidly  cooled 
selvages. 

38,  Subterranean  circulating  waters,  in  which  the  proportions  of  carbonic  and  to 

a  less  extent  sulphuric  acids  are  increased  by  the  slow  oxida- 
FeridStiSST'*'^"  ^»^^  ®^  ^®  pyritous  coal,  bring  about  secondary  changes  in 

the  rock  constituents  with  the  production  of  serpentine^ 
followed  invariably  by  rhombohedral  carbonates  and  sometimes  by  secondary  quartz. 
At  the  surface,  oxidation  of  the  iron  compounds  and  removal  of  the  alkalies  and 
alkaline  earths  in  solution  leave  a  buff-coloured  or  rusty  soft  clay  in  which  mica' 
seems  about  the  last  mineral  to  lose  its  original  characters. 

V  Holland,    ttt^  Geol.  Sitfm.  Ind.,  VoL  XXVlI,  p.  133. 
*  Holland.    lo€»  cii.,  p.  139. 
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39.  D)rkes  of  the  mica-peridotite  are  found  catting  throngh  the  hill  seams  and 
Distribntion  and  Geo-     ^®  Kurhurbaree  upper  seam ;  but  it  is  in  the  lower  scam 
logical  age  of  the  Peri-     that  the  intrusions  are  most  numerouSi  and  here  they 
*^°'**®**  spread  out  in  great  sheets  destroying  the  coal  over  large 

areas.  As  might  be  expected  the  greater  pressure  at  lower  depths  forced  the 
molten  material  along  the  bedding  planes  of  the  least  resisting  rocl^  namely,  the 
coal. 

30.  On  the  accompanying  map  we  have  indicated  the  position  of  19  peridotite 
dykes  so  far  as  they  are  traceable  at  the  surface.  These  show  a  general  tendency 
to  run  east  and  west.  Whilst  they  cross  the  older  faults  in  the  lower  seam 
they  do  not  break  through  the  boundary  faults,  as  is  the  case  with  the  younger 
basaltic  intrusion.  The  intrusions  are  therefore  younger  than  some  of  the  faults 
within  the  coalfield  but  are  probably  older  than  the  boundary  faults  of  the  field. 
This  agrees  with  a  suggestion  we  have  already  made  that  the  statical  metamorphism 
of  the  pre-damuda  pyroxene-felspar  rock  of  the  adjoining  area  occurred  at  the 
time  of  the  intrusion  of  this  chlor-apatite  bearing  peridotite  and  the  subsequent 
movements  which  changed  the  former  rock  into  a  homblende-scapolite  granulite 
brought  about  the  great  faults,  which  dropped  the  Giridih  coalfield  into  its  present 
position.  It  is  certainly  very  significant  to  note  with  reference  to  this  suggestion  that 
where  the  original  pyroxene-felspar  rock  was  furthest  removed  from  these  peridotite 
intrusions,  as  at  Chepo,  there  is  not  the  slightest  sign  of  scapolite  in  the  foliated 
homblendic  rocks. 

31.  One  of  the  dykes  only  (the  Buriadih  dyke.  No.  a  on  list)  passes  into  the 
crystallines ;  and  the  boundary  of  the  coalfield  at  this  point  is  a  natural  one,  n'ot 
faulted. 

33.  The  highest  strata  amongst  the  Damudas  at  Giridih  are  cut  by  the  peridotite 
dykes.  Passing  to  the  Raniganj  coalfield  we  find  the  youngest  Damudabeds  there, 
namely,  the  Raniganj -stage,  are  also  invaded  by  this  rock;  but  beyocd  this  we 
have  no  reliable  evidence  for  fixing  with  greater  precision  the  oldest  limit  of  the 
intrusion.  The  youngest  limit  is  determined  by  the  basalts  which,  following 
Dr.  Blanford,  we  regard  as  Rajmahal  in  age.  We  have  thus  a  peridotite  intrusion 
probably  contemporaneous  with  the  formation  of  some  part  of  the  Panchet  group. 


33.     Catalogue  of  the  Mica'Peridotite-  dyket  in  the  coaljldd. 


Noi 

Namcofdyte. 

• 

Diracttofk 

TbickacM. 

1 

Daoilidib       ... 

NW— SB 

3     feet 

9 

Buriadih        . 

NW-^B 

I     loot 

No.  6  of  Hiighei. 

3 

Chanka          •        •         • 

NW-SE 

a     feet 

4 

Khandiha       ... 

NNW-SSE 

a       fi 

No.8ofHagli6S. 
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No. 

Name  of  dyke. 

Direction. 

Tbkkncse. 

RtKAUt. 

5 

Kopa    •        •         •.       • 

NNW-SSB 

n 

No.  15  of  Hogbea. 

6 

Baniadih 

NW-SE 

foot 

7 

Bnngalow  pit  Bnniadib  . 

W— B 

li 

»t 

No.  10  of  Hagbea. 

8 

Domahani      •        • 

W— B 

i» 

II     II     n        >. 

9 

]nbUeepit     . 

W— B 

incbes 

n    10    „       » 

10 

BhaddoahhiU 

W—B 

foot 

11 

Sariabad        •         • 

W-E 

If 

12 

Gapao  •        «        •         . 

WSW— ENB 

M 

13 

Satigbat 

NW-SE 

M 

No.  13  of  Hagbea. 

«4 

Bittagarba     •         • 

BNE-WSW 

M 

15 

Jogitand 

ENB— WSW 

H 

16 

Jogitand-Lnnki    . 

WNW— ESB 

1-5 

feet 

Na  5  of  Hngbea. 

>7 

CbaiUdih      . 

WNW-ESE 

foot 

18 

Mowllcliooah 

N-^ 

feet 

No.  I  of  Hogbea. 

19 

Birwadih       . 

W-E 

foot 

(a)  Basalts. 

34.  The  greater  thickness  and  the  spheroidal  weathering  of  the  hard»  black 
or  dark-grey  basalts  are  characters  which  serve  to  distinguish  without  difficulty 
the  dykes  of  this  rock  from  those  of  the  mica-peridotite  with  which,  withia  the 
limits  of  the  coalfield,  they  are  so  frequently  associated.  These  dykes  sometimes 
attain  a  thickness  of  100  feet,  and  ret  nowhere  has  the  action  of  this  rock  on  the 
strata  produced  results  in  any  way  comparable  to  the  effects  of  the  much  narrower 
intrusions  of  the  mica-periodotite.  So  far  as  we  know,  the  basalts  never  spread 
as  sheets  along  the  bedding  planes  of  the  sedimentary  strata  which  have  been 
invaded. 

35.  Specimens  of  the  basaltic  rocks  have  an  average  specific  gravity  of  2*99. 
Under  the  microscope  they  are  seen  to  be  composed  of  oltvtne,  partially 
decomposed  with  the  formation  of  green  and  yellow  serpentine,  pl^wiase  fflspar 
in  lath-shaped  crystals,  magneiiie^  often  developed  around  the  felspars;  and 
included  by  the  pale  brown  augiUt  which  is  developed  ophitically  aroand  the 
crystals  of  earlier  consolidation.  There  is  always  a  residue  of  feathery  microlites  in 
a  hyalopilitic  matrix. 

36.  The  basalts  cut  through  the  faults  within  the  Unfits  of  the  coalfield  and 
Occvrence  apd  geo-     ^^*^^   ^^'^^^   *.®   boundary  lauUs   into    the   adjdniQg 

logical  .  age    of     tbe     Crystalline  series.    Where  their  junctions  with  the  perido- 
tites  have  been  exposed  and  examined,  it  is  seen  that  the 


batalta. 
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latter  rocks  are  displaced  and  cut  through,  proving  the  basalt  to  be  distinctly 
yonnger  than  the  mica-peridotites.  (See  fig.  i).  Seeing  they  cat  across  the 
boundary  faults,  they  may  be  regarded  as  younger  than  the  coalfield  as  a  whole. 


^        t*«r      f        If  ,^  I, 

Fig.  I.  Plan  ghewiug  ik$  Bamiadik^KwrnalJott  dfk*  qf  hasali  crogiimg  ike  fcgUand-Lunki 

dyheof  p9Tid6tiU. 

Following  the  conclusions  of  Dr.  Blanford  concerning  the  age  of  the  augitic  dykes 
of  the  Raniganj  coalfield*  and  of  subsequent  workers  in  other  Bengal  coalfields,  it 
seems  safe  from  analogy  to  consider  these  basalts  to  be  the  dyke  representatives  of 
the  petrologically  similar  basaltic  outflows  of  Rajmahal  age. 

37.  The  following  is  a  list  of  the  six  basaltic  dykes  mapped : — 


No. 

Name  of  Dfko. 

General  dliectloo. 

ThtekneM. 

RsMAUKt. 

PftDdadih       •         • 

E— W 

ao 

feet. 

In  the  crystalKnes. 

Maniktand    • 

NW— SB 

50 

>i 

No.  14  of  Hughes. 

Dhobidih-Mowatand 

NW-SE 

5— lOo 

19 

M    la  it        »> 

Baniadih-Komaljore 

NE— SW 

5— loo 

« 

No,   9  ft       91 

Baniadih       • 

NW— SE 

30 

tl 

Kopa-Kabribad 

B— W 
ESE--WNW 

5-  so 

If 

No.   7  of  Hughes. 

38.  The  two  sets  of  intrusive  rocks  just  considered — ^the  mica-peridotites  and 
the  basalts — are  associated  with  one  another  in  nearly  all  the  coalfields  of  Bengal, 
and  we  have  shown  that  the  more  basic  eruption  has  been  the  first  to  be  intruded. 
As  all  workers  agree  in  considering  the  basalts  to  be  of  Rajmahal  age,  and  we  have 
shown  that  the  peridotites  are  younger  than  the  Raniganj  stage,  these  two  sets  of 
intrusions  cannot  differ  very  greatly  in  geological  age.  But  they  are  nevertheless 
quite  distinct  in  order  of  eruption.     They  are  equally  distinct  in  petrological 

*  J/#w.  Gfoi.  Surw.  Ind.,  Vol.  UI,  pp.  I4i-I49> 
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characters  and  mode  of  occurrence ;  and  we  do  not  see  that  there  is  any  proof  of 
their  having  been  derived  from  a  common  magma,  although 
douS  «d  blsalS.^  *»«  ^  ^«"^  assumed  so  frequently  during  the  last  two  or 
three  years  as  a  necessary  premise  for  explaining  the  irrup- 
tion in  order  of  ba^city  of  igneous  rocks  assodated  with  one  another  within  the 
limits  of  comparatively  small  areas.  The  older  set  of  intrusions  are  represented 
by  mica-peridotite  as  the  leading  petrological  type  ;  they  occur  in  all  the  coalfields 
of  Bengal  from  Raniganj  to  Darjeeling,  and  are  of  about  Panchet  age.  In  places 
by  the  introduction  of  felspar,  these  pass  into  basalts,  but  of  a  type  which  could 
never  be  mistaken  for  the  Rajmahal  rocks.  The  younger  group  ot  intrusions  are 
basalts  with  olivine  passing  into  augite-plagioclase  rocks ;  they  stretch  to  consider- 
able distances  around  Raniganj,  and  belong  to  a  petrographical  province  of  Rajma- 
hal age.  It  would  be  a  great  convenience  if  we  had  some  conveniently  short  no- 
menclature to  express  the  geological  age,  geographical  limits,  and  petrological 
facies  of  petrographical  provinces  so  marked  as  these  cases  presented  to  us  in 
Bengal. 

(3)    Comparison  with  South  African  Intrusions. 

39.  In  studying  the  post-Damuda  intrusive  rocks  of  this  and  the  other  coal- 
fields of  Bengal,  it  is  impossible  to  overlook  the  apparent  pantllelism  with  the 
igneous  rocks  which  invade  the  Karoo  system  of  South  Africa.  Although  the  South 
African  beds  have  not  been  sufficiently  investigated  to  allow  of  great  precision  in 
correlating  the  various  groups  there  represented  with  the  Gondwanas  of  India,  the 
paleontological  and  lithological  characters  of  the  deposits  leave  no  doubt  about 
the  Karoo  system  being  homotazially  equivalent  to  the  lower  and  a  portion  of  the 
upper  Gondwana  system  in  India. 

40.  The  rocks  intrusive  into  the  Karoo  beds  bel6ng  to  two  groups : — 

(i)  The  diamond-bearing  peridotite  breaking  through  the  £cca  beds  and 

Kimberley  shales. 
(j)  The  basaltic  locks  which  break  through  the  whole  series  and  form 

contemporaneous  lava-flows  capping  the  Stormberg  beds. 

41.  In  India  we  know  beyond  question  that  the  peridotites  are  older  than  the 
associated  basalts.  In  Africa  we  only  know  that  they  break  through  the  older 
strata  and  are  not  found  in  the  higher  beds. 

4S.  In  India  the  basaltic  dykes  break  through  the  whole  of  the  lower  Gond- 
wanas  and  are  considered  to  be  the  underground  representatives  of  the  Rajmahal 
lavarflows.  The  basalts  of  South  Africa  tmverse  in  like  manner  the  complete 
Karoo  system  from  the  Ecca  stage  to  the  Stormberg  beds.^^  Whilst  it  is  not  yet 
possible  to  fix  exactly  the  position,  and  especially  the  youngest  limit,  of  the 
Stormberg  beds,  they  are  certainly  not  older  than  the  Panchetd  and  are  probably 
not  far  removed  in  age  from  the  Rajmahals. 

43.  Whilst  admitting,  therefore,  that  the  evidence  is  but  fragmentary,  we  consi- 
der that  the  facts  of  stiadgraphical  distribution  and  petrological  features,  so  far  as 
they  are  known,  are  sufficient  to  warrant  as  a  tentative  conclusion  the  existence  of 
one,  if  not  two,  petrographical  provinces  of  Gondwana  age  extending  from  South 

>•  Green   Quati.  jraurn.  Geol.  S$e.,  Vol.  XUV,  (1888),  p.  239. 
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Africa  to  India.  The  oldest  of  these  was  characterised  by  peridotites,  and  these 
were  followed,  at  a  period  not  far  removed,  by  enormous  outflows  of  basalts  and 
augite-andesites. 

I V,— CONTA  CT-EFFECTS. 

44*  The  intrusions  of  peridotites  and  basalts  into  the  Damnda  strata  have  given 
rise,  as  already  stated,  to  very  marked  contact-metamorphism,  especially  in  conjunc- 
tion with  the  former  group  of  igneous  rocks.  The  results,  as  might  be  expected, 
are  most  striking  amongst  the  coals,  whilst  the  sandstones  have  been  hardened  by 
baking  and  even  partial  fusioui  and  the  shales  merely  baked. 

I.   CONTACT-MxTAMORPiilSlC   OF  THX  COAL. 

45.  Even  the  narrow  dykes  of  peridotite,  where  they  pass  through  the  coal 
seams,  are  bordered  with  a  zone  of  beautifully  columnar  coke  two  or  three  feet 
thick  on  either  side  of  the  dyke.  The  volatile  bituminous  matter  having  been 
driven  off,  the  resulting  contraction  in  the  mass  produced  a  columnar  structure  with 
injections  of  thin  films  of  the  igneous  rock  along  the  cracks. 

46.  The  series  of  proximate  assays  given  below  are  of  altered  coal  taken  at 
gradually  increasing  distances  from  the  margin  of  the  peridotite  dyke,  and  com- 
pared in  each  case  with  specimens  of  unaltered  coal  from  the  same  seam. 

Series  A. 

47.  Specimens  taken  from  lower  seam,  south  of  No.  7  Jogitand  shaft,  Giridih 
coalfield : — 

Thickness  of  peridotite  dyke,  4  feet. 
Thickness  of  coked  lone,  3  feet  6  inches. 


'                                                     NVHBIREO   FKOK  THI    DvltX  OUTWAUDl. 

I 

' 

'        a 

4 

2 

s 

Volatile  matter  (exclnd- 

\fig  moiiture.) 
Fised  carbon 

Aih    .        *        >        « 

410 
6463 
31-37 

4'S9 
74-36 

flo-7S 

640 

7"7$ 
arSt 

80^69 

1545 

743t 

1024 

9071 
ir83 

ToTA^ 

1001» 

1 00*00 

100-O0 

lOO'OO 

100*00 

lOOTOO 

1  li 

is 
li 

111 

3*r 

Hi 
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48.  Specimens  taken  from  lower  seam  on  northern  side  of  No.  7  Jogitand 
shaft,  Giridih  coalfield  :— 

Thickness  of  peridotite  dyke,  3  feet. 
Thickness  of  sone  of  akered  coal,  3  feet. 


NOMBIRtO  mOM  mi  DvKK  OOtWAUDt. 

I 

s 

3 

4 

5 

6 

Volatile  matter  (ezclad- 

ing  moistare). 
Fizad  carbon 

Ash    •        .        •        • 

171-51 

4-9S 
7a-84 

S3*2I 

671 
77*70 
ISS9 

4«4 
8ja9 
,,.87 

8'oi 
787a 
i3-a7 

19*10 

S9'43 
ai-47 

Total 

100*00 

100-00 

100*00 

100-00 

1 0000 

loo-oo 

i 

1 

1 

i 

8 

1 
1 

i 
1 

s 

Q 

i 
1 

1 

i 
1 

1 

49.  An  examination  of  these  assays  leads  to  the  following  general  con- 
clusions : — 

(i)  There  is  a  loss  of  bituminous  matter  as  the  igneous  rock  is  approached. 

(2)  The  fixed    carbon  at  first  increases  in  proportion  to  the   loss  of  the 

volatile  constituents  until  close  to  the  dyke  the  fixed  carbon  again 
decreases,  which  we  presume  to  be  due  to  its  oxidation  and  replace- 
ment by  inorganic  bases. 

(3)  The  ash  increases  in  percentage  as  the  dyke  is  approached,  and  this  in- 

crease is  far  greater  than  would  be  due  to  the  simple  removal  of  vola- 
tile matters  (vide  in/ra,  para.  52). 

50.  These  conclusions  are  more  uniformly  illustrated  by  considering  the  aver- 
ages of  assays  of  adjacent  pairs  of  samples  and  compared  as  follows  with  a  sample 
of  unaltered  coal  from  the  same  seam : — 

Series  A. 


I  OUTWARD*. 


• 

land  a. 

3U44. 

sandff. 

Two  tpeclment 

•t  4  feet  from 

dyke 

Specimen  at 

10  feet  from 

dfke. 

Volatile  matter 
Fixed  carbon  . 
Ash        •        •         •         • 

6950 
a6oi 

6-60 

76-34 
17*16 

1808 
7089 
11*03 

ana 
66*60 
ii*a8 

34-70 

65-99 

9*31 

lOO'OO 

1 0000 

lOO-OO 

100-00 

100-00 

Do  not  cake. 

Do  not  cake. 

Cake. 

Cake  atrong- 

Cakes 

strongljr. 
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lands. 

9  and  4. 

sandfi. 

Two  tptcimcot 

•t  4  feet  from 

dyke. 

SpecfncB  at 

lofeetftwnl 

dyke. 

Volatile  matter 
Fixed  carbon  • 
Ash        •         •         •        • 

^'2 
7a-i8 

22*69 

80-50 
1373 

96-40 

66-65 

6-95 

37-80 

66-16 

6104 

tOO'OO 

tOO'OO 

lOO-OO 

lOO'OO 

lOO'OO 

Do  not  cake. 

Do  not  cake. 

No.  6  cakes 
slighUj. 

Cake  strong- 
ly- 

Cakes 

strongly. 

loor 


8C 


60 


40 


20. 


7^^ 


^ifci^ 

VOLATILE      1^^ 


3 


100 


80 


80 


40 


20 
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Pig.  a.  Diagram  ikowing  wariaiiam  in  campotiiion  of  iki  coal  io  a  ditiaiuo  of  4  1 

from  tkt  dfkom 
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SI.  The  following  assays  of  specimens  kindly  supplied  by  Mr.  F.  J.  Agabeg 
from  a  coal  seam  invaded  by  peridotite  in  pit  No.  2,  Cheranpore  colliery,  Asansol, 
show  a  similar  series  of  results : — 


Volatile  matter 
Fixed  earboo  • 
Adi 


No.  I.  ATcrage  of  4 
nmplct  Into  which 
Telna  of  trap  have 
ar  dyke. 


6-44 
4937 
4419 


Average  of 


No. 

a r 

the  fonncr  groop. 


No.  s.  Uoaltered 
from  theaame 


irSS 
69-86 

ifiS9 


31-40 
9*95 


100*00 


100*00 


100*00 


SS.  If  the  increase  in  the  percentage  of  ash  were  due  simply  to  proportionate 
removal  of  the  volatile  constituents,  we  should  expect  a  maximum  in  each  case  as 
follows  :-— 

Series  A  ^* i37    per  ceot.  Ash 

ti     Bt—      ••••••  8*8       91       91       n 

Cheranpore:—         •        •        •        •        •        13*2      „      m     it 

Whereas  we  have  31*37,  93*18  and  44*19  per.  cent,  respectively. 

Sir  I.  Lowthian  Bell  in  discussing  the  origin  of  the  bases  in  the  **  white  post " 

lying  above  the  basalt  in  Durham  colliery  considers  that 
ceiuS!^  ^^**  ^^     bases  are    snbUmated  from  the  highly  heated  basalt  at 

the  time  of  its  intrusion  in  the  molten  state.  ^^  Whilst  this 
may  have  taken  place  in  the  case  of  our  still  more  highly  heated  peridotites*  we 
consider  that  in- this  particular  case  the  largest  portion  of  the  inorganic  material  has 
been  introduced  subsequent  to  the  consolidation  of  the  igneous  rock  by  infiltration 
of  solutions  into  the  coke  which  is  naturally  more  vesicular  where  it  has  lost  most 
of  its  bituminous  matter.  The  peridotites  are  all  highly  decomposed  in  the  small 
dykes  and  on  the  selvages  of  the  larger  masses,  and  the  deposition  of  rhombohe- 
dral  carbonates  and  quartz  in  place  of  the  original  olivines  is  sufficient  evidence  of 
the  re-arrangement  of  bases  which  has  been  brought  about  in  the  rock  by  secondary 
causes  since  consolidation. 


Contact-Mbtamorphism  op  Sandstones. 

53.  About  the  most  remarkable  amongst  the  effects  of  contact-metamorphism 
are  the  changes  produced  in  the  Barakar  sandstones.    Har- 
patbic^Modstones.  dening  of  the  sandstones  is  common  enough  wherever  they 

come  within  range  of  the  peridotite  sheets,  but  in  some 
places,  where  the  sandstones  are  felspathic  and  with  partially  kaolinised  fekpars, 
there  has  been  a  partial  fusion  produced,  with  the  result  that  the  quaru  and 
felspar  cxystals  have  been  rounded  and  corroded  in  bays  and  inlets  like  the 
phenomena  so  common  in  the  rhyolitic  lavas.  The  glass  formed  by  the  fusion  is 
crowded  with  radially  armnged  microlites,  and  generally  so  strikingly  recalls  the 

»  PrO€.  Ri>y.  Soe^  Vol.  XXIII  (1875).  p.  543* 
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appeaiance  of  a  rhyolite  that  we  fdnnd  it  necessary  to  reassure  ourselves  by  repeat- 
ed field  examination  that  we  had  not  by  chance  sampled  a  hitherto  undetected 
acid  laTa-fiow.  There  is  no  doubt,  however,  about  the  nature  of  the  rock  with 
which  we  are  dealing.  It  can  be  traced  out  to  sandstones  which  are  merely  baked 
or  fritted  and  thence  to  the  loose  characteristic  Barakat  sandstones  with  decom- 
posed felspars.  The  signs  of  fusion  discovered  by  the  microscope  are  after  all 
only  in  agreement  with  other  evidences  which  point  to  the  very  high  temperature 
of  the  peridotite  intrusion,  and  taking  this  fact  in  connection  with  the  tendency  of 
this  peridotite  to  spread  in  sheets  amongst  the  sedimentary  rocks,  we  see  an 
efxpUmation  for  the  beds  of  hardened  sandstone  which  so  puzzled  earlier  observers 
that  they  were  often  described  by  the  vague  term  '*  trappoid  sandstones  "  and  have 
even  been  considered  ''traps"  — a  blunder  the  more  easily  made  by  the  field- 
worker  from  the  way  in  which  these  hardened  sandstones  form  ridges  running 
across  the  country  and  breaking  with  a  cuboidal  jointing  so  common  in  trap-flows. 

54*  It  is  interesting  to  note  that  Mr.  Hughes  also,  as  long  ago  as  1866,  explained 
the  occurrence  of  similar  hardened  ridges  as  the  result  of  ''trappean  action"  in  the 
Jherriah  coalfied,  where  they  also  show  a  columnar  structure.  ^^ 

We  have  figured  and  described  a  slide  showing  the  results  of  the  partial  fusion 
of  a  sandstone  which  is  associated  with  the  peridotite  plexus  of  Bhaddoah  hill 
(plate  I,  fig.  6). 

V._SUMMARY  OF  RESULTS. 

55.  The  igneous  rocks  of  the  Giridih  area  may  be  divided  into  two  groups  :^- 
ist.— iTi^r/'/^x  and  pyroxem-plagioclase  rocks  which  were  intruded  amongst 

the  crystalline  rocks  before  the  deposition  of   the   strata  of  the 
Damuda  epoch. 
2nd. — Mica'peridoiiUs  and  basalts  which  have  invaded  the  Damuda  series. 

56.  The  pyroxene-plagioclase  rocks  have  undergone  two  sets  of  changes.  On 
the  north  of  the  coalfield  they  have  passed  into  uraliU'dioriiis  and  epidioriUs  with 
the  formation  of  much  scapoliU,  On  the  south  they  have  changed  into  epidiorites, 
and  hornblende-schists  without  the  development  of  scapolite. 

57.  The  Miatical  tnetamorphism  of  the  plagioclase  in  the  plagioclase-augite 
rpck  probably  took  place  at  the  time  of  the  intrusion  of  the  apatite -bearing  mica 
peridotite,  and  the  subsequent  dynamical  metamorphism  attended  with  the  develop- 
ment of  scapolite  was  probably  contemporary  with  the  formation  of  the  great  boundary 
faults  of  the  coalfield. 

58.  The  mica-peridotites  are  remarkable  for  the  large  quantities  of  apatite  they 
contain,  sometimes  amounting  to  over  1 1  per  cent.  These  rocks  are  post-Damuda 
though  pre-Rajmahal  in  age.  They  form  long  narrow  dykes  in  the  younger  strata 
and  spread  out  in  wide  sheets  at  greater  depths. 

59.  The  basalts  occur  in  wider  dykes  breaking  across  the  peridotites  and  are 
regarded  as  the  underground  representatives  of  the  Rajmahal  lava-flows. 

60.  There  is  a  striking  parallelism  between  the  post-Damuda  intrusions  of 
Bengal  aud  those  invading  the  Gondwana  rocks  of  South  Africa,  where  the  diamond- 
bearing  peridotite  of  Kimberley  is  succeeded  by  enormous  outflows  of  basalt. 

61.  like  effects  of  sontact  mstamorphism  of  the  mica* peridotite  are  far  more 

>>  Mm.  a#0l.  5»f «.  ind..  Vol.  V,  p.  Z^y. 
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striking  than  those  of  the  basalts,  althongh  the  latter  form  very  much  thicker  dykes, 
llie  former  rock  we  conclude  was  introduced  at  a  very  much  higher  temperature. 

63.  Amongst  the  contact  effects  the  partial  fusion  of  the  felspathic  sandstone 
is  a  feature  worthy  of  record.  During  the  coking  of  the  coals  the  loss  of  bitumin- 
ous matter  has  been  accompanied  by  a  more  than  proportionate  increase  in  the 
percentage  of  ash,  the  additional  inorganic  material  having  been  introduced  by 
infiltration  into  the  vesicular  coke  of  salts  in  solution  subsequent  to  the  consolidation 
of  the  igneous  rock. 

VI.— EXPLANATION  OF  MAP  AND  PLATE. 

Map. — The  stratified  rocks  (Talchirs  and  Barakars)  are  confined  to  a  basin, 
shaped  depression  of  about  1 1  square  miles  with  two  inliers  of  crystalline  rocks 
(shaded  in  pink)  in  the  north-west  comer.  Outside  the  boundary  of  the  sediment- 
ary rocks,  which  are  sometimes  cut  off  by  a  fault  and  sometimes  limited  by  a 
natural  boundary,  the  country  consists  of  various  crystalline  rocks,  felspathic  gneiss 
and  mica-schists  being  specially  common.  Quartz  veins  and  veins  of  coarse  gra- 
phic granite  frequently  occur  in  these.  The  direction  of  foliation  of  the  crystalline 
rocks  varies  within  small  limits,  but  generally  conforms  to  the  direction  of  the  main 
faults  which  bound  the  coal-field  on  its  northern  and  southern  margins,  beside" 
dividing  it  in  a  parallel  direction  near  the  centre.  The  northern  boundary  fault 
coincides  for  some  distance  with  a  dyke  of  eurite,  the  face  of  which  probably 
affords  a  plane  of  low  resistance.  The  position  of  the  diorites  has  been  marked 
at  Chepo  Hill  and  Gujiadih  on  the  south,  at  Bonkhoonju  on  the  north,  and  at  Paha- 
ridih,  Birwadih  and  Mongrodih  on  the  east.  Wherever  these  rocks  are  foliated, 
the  foliation  is  parallel  to  the  general  foliation  of  the  crystalline  series  around,  and, 
consequently,  to  the  direction  of  the  great  faults  of  the  field.  The  diorite  forming 
the  conical  mass  at  Bonkhoonju  is  not  foliated,  but  the  gneisses  dip  on  both  sides 
towards  the  hill,  forming  a  syncline  whose  axis  runs  about  east-north-east  and 
west-south-west  (vtd€  paragraphs  10 — 21).  Catalogues  of  the  peridotite  and  basalt 
dykes  are  given  in  the  text  (paragraphs  33  and  37).  Their  position  and  names  are 
plainly  indicated  on  the  map.  The  positions  of  property  boundaries  (indicated 
by  thin  lines  joining  the  pillars)  are  shown  for  the  purpose  of  finding  in  the  field 
any  required  outcrop,  as  some  of  the  dykes  are  so  small  and  decomposed  that 
they  are  not  often  easily  detected. 

Plate.— /f  series  of  photographs  of  thin  sections  under  the  microscope. 

Fig.  I.  Pyroxene-plagioclate  rock  from  Mongrodih  near  Giridih.  Magnified 
X  so  diameters.  The  white  felspars  in  long  flat  crystals  are  sur* 
rounded,  with  an  imperfect  ophitic  arrangement,  by  augite.  Some 
of  the  pyroxene,  probably  rhombic  in  some  cases,  has  formed  very 
fine  mesh-work  fringes  on  changing  to  hornblende  and  by  reaction 
with  the  adjoining  felspars,  which  latter  have  consequently  lost  their 
sharp  outlines.  Opaque  iron-ores  often  occur  in  the  patches  of 
granular  hornblende  and  sometimes  form  the  nucleus  of  a  garnet 
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aggregate.  The  cbenge  to  green  hornblende  fans  teken  place  Itlong 
the  margins  of  nearlf  idl  the  pyrosenet ,  at  shown  by  the  large 
crystal  on  the  left. 

Fig.  2.  EpidiTite  with  seapoliie,  Motigtodih,  neat  Giridih.  Magnified  X  10 
diameters.  The  rock  consists  of  a  granular  aggregate  of  horniblende 
scapolite,  felspcir  and  quartz.  The  scapolite  may  be  teeognlsed 
amongst  the  colourless  constituents  by  the  slight  stieakiness  produced 
by  incipient  decomposition.  This  rock  occurs  near  the  m^gins  of 
the  mass  of  which  fig.  i  represents  the  centre.  The  rock  represented 
by  fig.  I  consists  of  pyroxene  and  plagioclase,  the  latter  constituent 
containing  a  series  of  cavities  infilled  with  sodfc  chloride  solution. 
As  the  result  of  subsequent  dynamical  metamorpbism,  the  ophitifs  in- 
tergrowtbs  shown  in  fig,  1  have  t)een  desuoyed,  the  augites  changed 
into  granular  hornblende,  and  the  mixture  of  plagioclase  and  sodic 
chloride  converted  into  scapolite  witb  »  small  rendue  of  des^  felspar 
and  quart?, 

Fios.  3  A  4-  Crystals  ol  phginhfe-fehpar  from  the  pyrox«ne-plAgioc|aie  rock 
of  Mongrodih.  Magnified  K  37  diameters*  Fig,  3  under  prdinaiy 
light  shows  the  bands  of  secondary  inclusions  of  sodio  chloride* 
whiQb»  when  viewed  between  crossed  nicols  (fig.  4)»  are  seen  to  coin- 
cide with  the  planes  of  composition  of  the  lamellar  twins.  The  stati<> 
cal  metamorpbism  has  thus  resulted  in  the  solution  of  the  felspars 
along  the  planes  of  compositioa.  which  are  regarded  by  Professor 
Judd  as  planes  of  chemical  instability.  The  felspars  in  this  rock 
afford  very  striking  illustrations  of  the  production  of  this  form  o( 
schillerization  along  the  planes  between  the  twin-lamellae  (^.  Judd 
Min.  Mag.,  Vol.  VIII  (1889),  pp.  189^  197), 

Fio.  5.  EpidioriU  approaching  hornhUnit^uhUU  Gujiadih,  south  of  the  Giridih 
coal-field.  Magnified  k  ao  diameters*  This  is  one  of  the  extreme 
results  of  the  metamorphism  of  the  pyroxene<diorites«  which,  near 
the  southern  margin  of  the  coal-field,  are  changed  into  %%^  foliated 
hornblendic  and  granulitic  rocks  Ufiik^ni  the  development  of  the 
scapolite  that  so  frequently  characterises  the  correspondmg  types  on 
the  north  and  east. 

Fig.  6.  FeUpathic  sandstone^  partially  fused  by  an  intrusion  of  peridotite.  Bhad* 
doah  hill,  magnified  x  20  diameters.  The  quartz  crystals  have 
been  corroded  into  bays  and  channels  by  the  fused  bydrated  silicates, 
and  the  Cooling  of  the  latter  has  given  rise  to  radial  ariangement  of 
black  microlites  precisely  similar  to  those  in  the  imperfectly  ciystal- 
lized  matrix  of  many  rhyolites. 
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On  some  outliers  of  the  Vindhyan  system  South  of  the  Son  and  their 
relation  to  the  so  called  lower  Vtndhyans:  by  R.  D.  OLDHAM,  A.R«S.M.| 
¥.Q.S.^  Superintendent^  Geological  Survey  <?//ifrfi4i  (with  plate  5). 

It  has  long  been  known  that  the  Vindhyan  system  proper  is  underlaid,  in 
Bnndelkhand  as  in  the  Son  valley,  by  a  series  of  shales  and  limestones,  regarded  as 
conformable  to  the  overlying  system  of  sandstones,  though  their  true  relationship 
had  not  been  fully  cleared  up.  This  series  of  shales  and  limestone  was  con- 
sequently accepted  as  a  member  of  the  Vindhyan  system  under  the  designation 
of  lower  Vindhyan, 

The  earliest  published  reference  to  these  rocks  is  in  a  communication  by  the 
late  Dr.  T.  Oldham  to  the  Asiatic  Society  in  1856.  In  this  the  term  Vindhyan 
was  first  proposed^  for  the  system  of  sandstones  and  associated  shales  and  lime- 
stones to  which  it  is  still  applied.  The  beds  below  the  Kaimur  sandstone,  which 
were  subsequently  accepted  as  lower  Vindhyan,  are  there  separated  from  the  Vindh- 
yans,  under  the  name  of '  Sub-Kymore,'  a  term  proposed  by  Mr.  H«  B,  Medlicott^ 
to  cover  all  the  rocks  below  the  Kaimur  sandstone. 

The  next  reference  to  these  rocks  is  in  Mr.  Medlicott's  memoir  on  Bnndelkhand, 
where  a  very  similar  series  of  rocks  is  exposed  in  a  corresponding  position.  The 
name  *  Sub-Kymore '  is  abandoned  and  the  series  in  question  named  Semri.'  Reasons 
are  given  at  one  place^  for  considering  the  Semri  beds  as  conformable  with  the 
Kaimur  sandstone,  but  in  other  passages  irregularities  in  the  distribution  of  the 
upper  groups  of  ihe  Semri  series  are  described,  which  do  not  seem  compatible 
wiUi  complete  conformity.  Apart  from  this,  the  Kaimur  conglomerate  is  said  to 
contain  pebbles  of  the  chert-like  shale  of  the  lower  Semri  groups.^  The  observations 
recorded  indicate  a  relation  between  the  Kaimur  sandstone  and  the  underlying  beds 
very  similar  to  that  which  is  found  in  the  Son  valley. 

In  the  same  volume  the  beds  below  the  Kaimur  sandstone  in  the  Son  valley  are 
referred  to  by  Mr.  J.  G.  Medlicott  under  the  name  of  Sub-Kymore ;'  no  details  are 
given,  and,  as  in  the  original  publication,7{the  term  was  evidently  used  to  include 
rocks  that  are  now  separated  as  transition  besides  those  which  have  come  to  be 
called  lower  Vindhyan. 

This  term  was  first  publicly  used  in  1869  by  Mr.  F.  R.  Mallet  in  his  account  of 
the  Vindhyan  system^,  or  series  as  it  was  then  called ;  and  in  introducing  the  name 
it  is  said  that  recent  investigations  had  established  the  identity  of  the  Semri  series  of 
Bundelkhand  and  the  Sub-Kaimur  series  of  the  Son  valley,  "at  the  same  time  estab- 
lishing their  close  connection  with  the  formation  hitherto  known  as  the  Vindhyan, 
This  connection,  although  close,  is  not  sufficiently  so  to  warrant  our  including  both 
in  pne  series.    Hence  the  latter  are  now  called  Upper  Vindhyan,  the  Semris  and 

*  your.  As.  So€.  Beng.,  XXV,  251  (1856). 
« I6id,  p.  353. 

'  Mem.  G90I. Sufm.  End.,  11,  p  6  (i860). 

*  Ibid,  p.  13. 
•/Md,  p.S&f 

*  Mem.  Geot.  Surv.  Ind.,  U,  138  (i860). 
'your.  As.  Soc.  Btug.,  XXV,  253  (1856). 
"  M^m.  G09k  Surv.  ind„  V II,  S7  (1869). 
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Sub-Kymores  being  distinguished  as  Lower  Vindhyan^^  In  the  descriptive  portion 
of  the  memoir  a  closer  connection  is  described  than  these  words  voald  suggest, 
facts  and  arguments  being  detailed  which  would  indicate  a  complete  conformity 
between  the  two  series.^®  These  are,  firstly,  the  parallelism  of  dip  observed  along  the 
boundary  of  the  two  series ;  and  secondly,  the  absence  of  any  signs  of  erosion  on  a 
contact  section  seen  in  the  Dargaoti  valley.  At  the  same  time  other  observations  are 
recorded  which  are  hardly  compatible  with  complete  conformity,  but  as  it  will  be 
necessary  to  recur  to  this  subject  further  on,  its  consideration  will  be  deferred  for 
the  present. 

In  the  first  edition  of  the  Manual  of  the  Geology  of  India  Mr.  Medlicott's  de- 
scription of  the  Vindhyan  series  follows  that  of  Mr.  Mallet  so  far  as  the  Son  valley 
is  concerned,  and  it  is  definitely  stated^^  that  the  upper  Vindhyans  in  this  area  con- 
formably overlie  the  lower.  This  is  to  a  slight  degree  qualified  in  another  passage,^* 
but  the  general  impression  left  by  the  description  is  that  there  is  no  break  of  any 
importance  between  the  two,  and  that  the  lower  Vindhyans,  so  called,  form  part  (rf 
the  same  great  system  of  deposits  as  the  upper. 

When  preparing  the  second  edition  of  the  Manual,  I  was  struck  by  the  indications 
of  an  unconformity,  which  are  to  be  found  in  the  original  descriptions,  and  though 
the  description  of  a  region  and  system  with  which  I  bad  no  personal  acquaintance 
was  left  unchanged,  except  for  some  condensation,  I  felt  it  necessary  to  lay  more 
stress  on  the  possibility  of  an  unconformable  break  between  the  two  series  and  to 
question^*  the  propriety  of  classing  them  together  under  one  system. 

Such  was  the  state  of  our  knowledge  of  these  rocks  till,  during  the  last  working 
season,  upper  Vindhyan  outliers  were  found  south  of  the  Son,  which  have  an 
important  bearing  on  .the  relation  of  the  so  called  lower  Vindhyans  with  the  Vin- 
dhyans proper.  The  subject  is  far  from  worked  out  and  the  region  is  still  under 
survey,  but  some  of  the  facts  are  clearly  enough  established  to  be  worth  publishing, 
in  view  of  the  interest  attaching  to  this  system. 

The  existence  of  Vindhyan  outliers  in  the  Son  valley  south  of  the  boundary  of 
the  main  area  has  long  been  known,  and  several  are  indicated  on  the  map  accom- 
panying Mr.  Mallet's  memoir,  but  they  had  always  been  regarded  as  belonging  to  the 
so  called  lower  Vindhyans.*^  During  the  past  season  several  of  these  have  been 
more  or  less  completely  examined,  and  it  was  found  that  they  are  of  two 
distinct  types  and  belong  to  two  distinct  series.  We  have  firstly  patches  of 
unmistakable  '  lower  Vindhyan '  rocks,  highly  disturbed  and  folded  or  faulted  among 
the  older  transitions,  and  secondly  outliers  of  much  less  disturbed  and  often  nearly 
horizontal  sandstones  and  conglomerates,  which  in  one  place  were  found  tc  rest 
unconformably  on  the  beds  of  the  '  lower  Vindhyans.'  From  their  degree  of  indu- 
ration these  sandstones  must  be  separated  from  the  Gondwanas  and,  being  younger 
than  the  *  lower  Vindhyans,'  may  be  referred  to  some  horizon  of  the  true  or  upper 
Vindhyans,  which  they  resemble  in  lithological  character  and  degree  of  induration. 

•  Mem,  Geol.  Surv.  Ind.,  VII,  27  (1869). 
»  Ibid,  p.  46  ff. 

"  Manual  of  the  Ceol^fy  af  India,  lit  ed.,  1879,  I,  p.  81. 
"  Ijtd,  p  90. 
1*  Manual,  2nd  ed.,  p.  98. 
>«  Mem.  C^ol,  Sur9.  of  Ind.^  VII,  45,  Manuaif  1st  ed.,  p.  70* 
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We  have  accordingly  sooth  of  the  Son  representatives  of  two  series  which  to  the 
north  are  apparently  conformable,  and  as  it  will  be  inconvenient  to  call  these  by 
the  same  name,  I  propose,  for  the  present,  to  resume  the  name  of  Sub-Kaimur  for 
the  *  lower  Vindhyans.' 

The  only  outlier  which  has  been  completely  surveyed  is  that  which  lies  west  of 
the  Samdin  and  south  and  east  of  the  Son.  Its  position  is  indicated  in  the  map 
accompanying  Mr.  Mallet's  memoir,  and  it  is  at  once  the  most  westerly  and  the 
largest  of  those  which  must  be  ascribed  to  the  newer  series  of  rocks,  or  upper  Vin- 
dhyans. Along  its  south-eastern  margin  a  few  small  outlying  patches  of  the  same 
series  are  found,  but  to  the  north  none  exist  between  it  and  the  Gidela  outlier  of  the 
Kaimur  scarp. 

The  outlier  referred  to  is  is  miles  long  from  east-north-east  to  west-south-west, 
of  irregular  shape,  varying  from  half  a  mile  to  three  miles  in  width,  about  the  middle 
of  which  rises  the  Khardra  G.  T*  S.  Round  the  whole  length  of  its  boundary, 
except  for  a  couple  of  miles  where  this  is  faulted,  the  outlier  rests  in  obvious 
unconformity  on  the  older  underlying  rocks.  The  rocks  of  which  it  is  composed 
consist  essentially  of  hard  sandstones,  white  or  red,  many  of  which  resemble  the 
sandstones  of  the  upper  Vindhyans,  more  especially  of  the  Kaimur  group,  though 
the  series  as  a  whole  differs  in  the  large  number  of  pebbles  it  contains  and  in  the 
frequent  presence  of  a  considerable  proportion  of  felspathic  material,  whether  as 
distinct  grains  of  felspar  or  as  a  fine-grained  felspathic  paste.  The  pebbles  are 
mostly  of  white  vein  quartz,  generally  small  and  ill  rounded  or  angular,  scattered 
through  the  sandstone  matrix  ;  at  times  however  and  in  certain  beds,  which  are  not 
always  at  the  bottom  of  the  series,  larger  and  better  rounded  pebbles  are  found  in 
such  abundance  as  to  constitute  a  conglomerate.  When  this  is  the  case  a  con- 
siderable proportion  are  found  to  consist  of  a  bright  red  jasper,  and. the  rock  then 
resembles  the  descriptions  of  the  Kaimur  conglomerate. 

Reserving  more  detailed  description  till  a  general  account  of  the  unsurveyed 
area  in  Rewah  can  be  given,  there  are  two  sections  which  may  be  referred  to  here. 
The  first  of  these  is  in  the  Samdin  valley  below  Sej^ri  village.  Just  below  this  village 
the  Samdin  flows  over  a  barrier  of  vertically' dipping  quartzites  of  the  Bijdwar  type, 
the  layers  being  sepantted  by  papery  films  of  micaceous  iron  ore.  Immediately 
north  of  this  there  is  a  thin  layer  of  breccia,  followed  by  conglomeratic  sand- 
stone, hardly  visible  in  the  stream  bed,  but  easily  seen  a  short  way  oi!  on  either 
side,  followed  by  shales,  by  the  porcellanic  beds  of  the  Sub-Kaimur  series  and 
by  sandstones  above  these,  the  ascending  section  being  cut  ofiF  by  a  fault  with  an 
upthrow  to  the  north.  These  Sub-Kaimur  beds  are  at  the  western  extremity  of  a 
long  narrow  outlier  which  has  been  traced,  with  a  width  dwindling  from  a  mile 
and  a  quarter  to  nothing,  for  a  distance  of  25  miles  to  east-north-eastwards;  the 
southern  boundary  being  throughout  natural  and  the  northern  faulted. 

West  of  the  Samdin  the  Sub-Kaimurs  form  the  slope  of  a  hill,  capped  by  the 
eastern  scarp  of  the  Khardra  outlier,  the  relations  of  the  two  series  being  indicated 
in  the  section  No.  i  on  the  accompanying  plate.  This  section  is  an  absolutely 
decisive  one,  establishing  beyond  possibility  of  doubt  that  the  sandstones  and  con- 
glomerates  of  the  outlier  are  distinct  from  those  of  the  basal  group  of  the  Sub* 
Kairmur  series  to  which  they  have  been  refened  in  previous  publications.'^    The 

"  Memoirs,  VII.  33. 
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observatioiis  of  these  oatlieis  on  which  all  pcevioas  aceoants  are  based  appear 
to  have  been  made  by  Mr.  Medlicoit  daring  a  rapid  inarch  up  the  Son  valley, 
the  only  record  of  which  is  contained  in  a  manuscript  report,  Speaking  of  this 
Khardra  outlier  he  says :  *  On  a  first  examination  of  this  region  from  the  north 
side,  as  actually  occurred  to  me,  one  is  disposed  to  look  upon   the   rock    of 
the  high  ridge  as  an  overlapping  remnant  of  an  upper  band  of  sandstone.    For 
some  time  I  entertained  the  ccmjecture  that  it  might  even  be  an  npper  Vindhyan 
rock/    This  conjecture  was  abandoned  for  reasons  which  it  is  needless  to  detail 
here,*  and  the  sandstones  of  the  outlier  were  ultimately  accepted  as  identical  with 
those  of  the  basal  group  of  the  Sub-Kaimor  series  to  the  north,  which,  it  must  be 
acknowledged,  they  very  closely  resemble.    Had  Mr.  Medlicott  crossed  the  section 
in  the  Samdin,  there  csm  be  no  doubt  that  he  would  have  adhered  to  bis  original 
coQJectttie,  for  here  it  is  impossible  to  regaid  the  two  as  identical.    The  Sub- 
Kaimor  basal  conglomerate  and  sandstone  in  the  Samdin  valley   neat  Sejiii  is 
very  much  thinner  than  the  same  lock  at  Hw  boundary  of  the  main  exposure,  not 
five  miles  ofif;  the  tUckaeaa  varies  very  much,   but  nowhere  exceeds  loo  feet, 
and  the  rock  itself  is  a  dirty  sandstone  containing  small  and  acatteted  pebbles. 
The  outcBop  cannot  be  traced  np  the  talas  slope  into  actual  contact  with  the 
ootlier  on  the  Ull  slope :  it  seems  in  fact  to  be  cat  off  by  a  fauk,  but  it  ia  found 
within  less  tb^"  a  qnarter  of  a  mile  of  the  hard,  clean^  white,  sandstones  of  the 
hill  top,  at  whose  base  is  a  conglomeiate  oontainiag  namerous  rounded  boulders 
of  quarts  and  scarlet  }asper  as  large  as  a  man's  head,  cemented  by  a  clean  silicious 
matrix.     Even  if  these  rocks  did  not  rest  unconformaUy  on  Sub-Kaiaur  beds„  the 
great  contrast  in  thickness  and  character  of  the  two  sandstones  and  congiomerates 
would  leave  no  room  for  doabtii^  their  distinctness. 

The  other  section  to  be  considered  is  near  the  western  end  of  the  ootBer  and 
is  interesting  as  showing  the  conditiotts  nnder  which  the  rocks  composing  the  outlier 
were  deposited.  North-west  of  Barhata  village  the  sandstones  do  not  rest  directly 
upon  the  older  rocks,  but  are  nnderbkid  by  a  breccia  composed  of  angnhtr  fragments 
of  the  underlying  slates,  a  few  inches  in  diameter,  through  which  are  scattered  blocks 
of  vein  qnartx  running  to  as  much  as  a  foot  in  diameter.  Towards  its  base  this  rock 
is  almost  devoid  of  fine  grained  matrix,  but  it  passes  by  a  gradnal  increase  of  sand 
and  decrease  of  slate  fragments  into  the  overlying  sandstone.  The  breccia,  which 
is  evidently  an  indurated  fan  deposit,  attains  a  manssum  thickness  of  over  yooleet, 
and  is  underbid  by  a  coarse  conglomerate  coniainmg  many  iU-reunded  pebUes  of 
Jasper,  and  numeroos  white  quarts  pebbles  of  six  inches  and  more  in  diameter, 
besides  darker  and  less  conspicaons  pd>bles  of  quartxite,  tfie  whole  being  cemented 
by  a  matrix  of  dark  red  sandstone. 

The  section  josi  described  is  figured  in  No.  a  of  the  phite,  but  these  rocks  below 
the  sandstone  do  not  continue  along  the  outcrc^  to  the  east  or  to  the  weal.  The 
conglomeiatie  is  the  first  to  disappear,  its  whole  extent  being  less  Uian  qnarter  of  a 
mile.  The  breccia  extends  further,  but  it  too  gradually  tluns  out  and  disappears  at 
three-quarters  ol  a  mile  to  the  eastwards  and  hatf  a  mile  to  the  wesi^  as  is  indicated 
on  the  section  No.  3,  drawn  at  right  angles  to  No.  a. 

The  explaitttion  of  these  sections  is  evidently  that  the  sandstoneawere  deposited 
on  a  deeply  eroded  swrlace.  At  the  bottom  of  the  valley  we  have  a  ooarse  conglo- 
merate deposited  by  a  rapid  torrent ;  this  is  auoceeded  by  a  fan  deposit  which 
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gndoaUy  fiHed  up  the  whete  valisf ,  atid  was  ilaell  coirered  up  by  the  sandy  deposits 
which  obscured  all  the  pre-existing  irregnlarities  of  the  sar&kce,  and  convened  what 
wad  once  hill  and  valley  into  a  broad  sandy  plain. 

A  similar  lesson  is  taught  by  the  Dddri  outlier,  about  fifty  miles  east  by  north 
from  the  easleffn  extremity  of  that  just  described.  West  ol  it  there  runs  in  an  eait 
by  noith  direction  a  ridge  ol  vertical  BijAwar  ^artziles,  which  owes  its  prominence  lo 
the  comparative  softness  of  the  rocks  on  either  side.  Just  west  of  the  boundary  of 
the  sandstone  outlier  (his  is  breached  by  a  cross  valley,  but  is  continued  on  the 
plateau  as  a  low  ridge,  rising  out  of  the  sandstones  on  either  side,  which  runs  for 
ft  covple  of  miles  before  being  finally  covered  up.  Here  it  is  evident  that  the  older 
reeks  had  undergone  practically  all  the  disturbance  they  now  exhibit  before  the 
still  nearly  horiaonta)  sandslonee  had  been  deposited,  and  had,  besides,  been 
exposed  to  sub^aerial  denudation  for  a  period  long  enough  lo  produce  an  uneven 
surface  HI  which  the  harder  beds  were  represented  by  elevations  and  the  softer 
by  depressions  of  the  surface. 

These  remarks  regarding  the  reb^on  ef  the  outliers  to  the  older  rocks  apply  to 
the  Sub-Kaimurs  ahnosi  as  much  as  to  the  transition  rocks,  for  the  amount  of  disturb- 
anes  they  have  undergone  in  tbeir  ontliess  is  great,  and  they  had  shared  in  the 
same  denudation  to  which  the  transition  rocks  were  exposed.  It  would  consequently 
be  difficult  to  find  a  more  decided  unconformity  than  that  between  the  sandstone 
ontiiers  on  the  hill  topsi  and  the  Sid>-Kaimur  series  in  their  proximity,  and  a  ques- 
tion arises  as  to  the  age  of  the  former.  To  this  only  one  answer  seems  possible : 
they  are  certainly  of  later  date  than  the  SubKaimur  series,  and  it  would  be  pre- 
posterous to  suppose  that  these  indurated  and  ancient  looking  sandstones  could  be 
the  same  as  the  soft  sandstones  of  the  Gondwana  series.  It  would  be  almost  equally 
absurd  to  suppose  they  form  a  separate  series  of  deposits  by  themselves  not  refer- 
able to  any  other  in  the  neighbourhood,  and  the  only  alternative  is  to  regard  them 
as  outliers  of  the  upper  Vindhyans,  for  which  they  might  easily  pass.  They  cannot 
be  identified  with  any  specific  horizon  of  that  series,  and  though  they  resemble  the 
Kaimur  grOQp9  morfft  tjiyan  4^ny  of  the  upper  sandstones,  no  importance  need  be 
attached  to  this,  as  the  points  of  resemblance  are  probably  the  result  of  their 
being  in  ekher  case  the  bottom  beds  of  the  series. 

Accepting  this  identification,  it  would  be  natural  to  suppose  that  the  facts  give» 
above  would  settle  definitely  the  distinctness  of  die  so  called  *  lower '  from  the '  upper  ' 
Vindhyans  or  Vindhyans  proper.  Such  a  eoncluskm  must  not  however  be  too  hasti- 
ly adopted.  In  the  second  edition  of  the  Manual  of  the  Geology  of  India  I  have 
pointed  out  that  the  nature  of  the  north-west  boundary  of  the  Vindhyans  towards 
the  AravaHr  mountains  presents  some  analogy  with  that  of  the  tertiary  and  recent 
deposits  of  the  Gangetic  valley  to  the  Himalayas,  and  suggested  that  the  Viadl^ans 
may  have  been  formed  during  the  compression  and  elevation  of  that  range  from  its 
debris. *•  Now  along  the  edge  of  the  Himalayas  we  have  instances  of  upper 
members  of  the  tertiaiy  series  resdng  in  unconformable  contact  on  the  upturned 
and  denuded  edges  of  the  lower  ones,  while  not  far  off  may  be  found  a  continuous 
conformable  section  uniting  the  two.  Similarly,  it  might  be  supposed  that  in  the 
Son  valley  we  had  the  upper  members  of  the  Vindhyan  system  overlapping  on  to  the 
eroded  edges  of  the  lower  beds,  which  had  been  involved  in  the  mountain  formtog 

^  Manual,  2ad  ed.*  p.  103. 
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processes  going  on  along  the  margin  of  the  basin  of  deposition,  and  this  nncon- 
formity  at  the  margin  need  not  be  incompatible  with  a  complete  conformity  of  the 
two  farther  away  from  that  margin. 

There  is,  however,  one  flaw  in  the  analogy,  which  appears  to  be  a  serious  one. 
Along  the  southern  margin  of  the  Himalayas  the  general  dip  is  northwards,  and  the 
outliers  of  the  tertiary  beds  have  for  the  most  part  a  natural  boundary  to  the  south 
and  a  faulted  boundary  to  the  north,  the  upthrow  being  on  the  north,  or  mountain, 
side  of  the  fault.  In  the  Sub-Kaimur  outliers  the  conditions  are  reversed,  the  natural 
boundary  is  to  the  south,  the  Suited  are  to  the  north,  that  is  to  say,  both  dip  and 
upthtow  are  away  from  what  should  have  been  the  mountain  range  and  towards 
the  basin  of  deposition.  These  facts  point  to  the  period  of  disturbance  as  having 
been  altogether  anterior  to,  and  not  contemporaneous  with,  the  deposition  of  the 
upper  Vindhyans ;  and  if  we  add  to  this  the  indications  that  are  to  be  found  in  the 
published  description,  and  still  more  so  in  manuscript  reports,  of  both  overlap  and 
transgression  along  the  southern  boundary  of  the  main  area  of  the  Vindhyans,  it  is 
at  any  rate  conceivable  that  there  is  a  real  unconformity  there,  in  spite  of  the  ap- 
parent  conformity,  on  individual  sections,  which  has  been  recorded. 

The  final  settlement  of  this  question  must  await  a  re-examination  of  the  boundary 
of  the  Vindhyans  proper,  at  present  the  case  for  the  incIu^<on  of  the  Sub-Kaimur 
series  with  them  has  been  greatly  weakened,  and  until  we  have  more  positive  evi- 
dence of  conformity  along  the  main  boundary  of  the  two,  it  will  be  well  to  abandon 
the  question  begging  name  of  'lower  Vindhyan'  for  the  Sub-Kaimur  series. 


Notes  on  a  portion  of  the  Lower  Vindhyan  area  of  the  Sone  Valley, 
by  P.  N.  Datta,  B.-Sc,  F.  G.  S.,  Geological  Survey  of  India. 

The  area,  on  the  examination  of  which  these  notes  are  based,  is  that  portion  of 

the  Rewah  State  in  Central  India  which  extends  on  the  one 

Area  defined.  j^^^  j^^^  ^^^  Kaimur  Range  on  the  north  to  the  Sone 

river  on  the  south,  and  on  the  other  from  the  stream  by  Hinaota,  xaj  miles  W.  by 

S.  of  Ramnagar  on  the  west  to  the  neighbourhood  of  Churhat  on  the  east. 

The  rocks  of  the  Sone  Valley  designated  'Sub-Kaimur'  by  Mr.  Medlicott  and 

Th    Lo        Vi  dh  -     '«8*rdedastheequivalent  of  his  'Semri'    system    of   the 

ant  of  the  SoM  Valley     Bundelkhand  area,  have  been  described  by  Mr.  F.  R.  Mallet 

as    classified    by   Mr.     as  the  Lower  Vindhyans.    In  his  memoir  on  these  Lower 

"^'""^  Vindhyan  rocks  of  the  Sone  Valley,  Mr.  Mallet  arranges  and 

classifies  them  into  the  following  '  sub-divisions'^ :~ 

(Descending  order.) 
II.  Limestone. 
lo.  Shales. 

9.  Limestone. 

8.  Shales,  sandstone. 

7.  Limestone. 
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6.  Shalj  sandstone. 
^  Porcellanic  shales. 
4.  Trappoid  beds. 
3.  Porcellanic  shales. 
2.  Limestone. 

I.  Conglomerate  and  calcareous  sandstone. 

From  the  inconstancy  of  some  members  of  the  Lower  Vindhyan  rocks  and  the 
The  classification  of     *^^sence  of  such  well-defined  divisions  as  are  noticeable  in 
the  Lower  Vindhyans,     the  Upper  Vindhyans,  the  Lower  Vindhyans  have  not  been 
as  now  proposed.  regarded  as  susceptible  of  arrangement  into  well-marked 

divisions  like  the  Upper  Vindhyans.    From  the  detailed  examination  of  the  portion  of 
the  Lower  Vindhyan  ground  under  notice,  however,  it  seems  quite  feasible  to  classify 
the  rocks  into  the  following  well-marked  divisions : — 
(In  descending  order). 
IV.  Rhotas  division, 
in.  Kheinjoa  division. 

II.  Porcellanic  division. 

I.  Conglomeratic  division. 

The  term  '  Rhotas '  has  been  suggested  from  the  ancient  fort  of  Rhotasgarh\ 
Origin  of  the  divbion-     ^^^^  'Kheinjua''  has  been  proposed  from  the  Kheinjua 
al  names.  Hills  which    show   these  rocks.    I    propose   the    name 

'Porcellanic'  for  the  next  underlying  division  of  beds  from  the  prevailing  and  well* 
marked  porcellanic  character  of  the  rocks.  From  the  absence,  in  this  limited  area, 
of  a  particular  locality  or  land-mark  where  the  beds  which  underlie  the  porcellanic 
division  and  form  the  base  of  the  system,  are  well  shown,  I  am  at  a  difficulty  to 
suggest  at  present  a  more  suitable  name  than  that  of  '  Conglomeratic '  for  these 
beds  forming  the  bottom  division  of  the  system.  We  might  name  the  division  from 
the  well-marked  range  which  occurs  between  Saria  and  Bela*  marking  the  edge  of 
the  basin  and  exhibiting  well  the  bottom  conglomerate  and  quartzite.  But  unfor- 
tunately the  range  is  not  named  in  the  map  at  all.  Hence  the  term '  Conglomeratic ' 
has  been  chosen  provisionally. 

Thus  we  have   the   Lower   Vindhyans   classified    into   the   following    four 
divisions :— > 

IV.  Rhotas     division,  tndvding  Nos.  11, 10  and  ^  of  Mr.  Mallet's  '  sub-divisions.' 
IIL  Kheinjoa       „  „  »     8^  7  and  ^    n  «  •» 

H.  PorcelUnie    ,,  ,.  „     5»  4and3*    .»  »     '         •• 

I.  Cooglomeiatic  „  „     fl    and  i*     „  „  ^ 

DuHncHvi  tharacUrt  of  the  diffennt  dwitiom. — ^While  the  Rhotas  division  is 

Distinctive     eharae-     i»ostly    calcareous— it    is  entirely  so   in  the  area  under 

ters    of    the   several     notice,*and  the   Kheinjuas  are    essentially  argillaceous 

^"*^^'  shales  with  sandstones,  the  peculiar  feature  of  the  beds 

^  Mem.  G.  S.  I..  Vol.  VII,  p.  aa 
Mannal,  ist  Ed.,  Pt.  I,  p.  78. 
„      and  Bd.,  p.  95. 

*  This  term  appears  to  have  been  first  adopted  on  the  field  maps  of  Mr.  W.  L.  Willson, 

late  of  the  Geological  Survey. 
«  Mem.  G.  S.  I.  VII,  pp.  a8,  4a,  43- 

*  »        ..         t»    pp.  28, 38-41. 

•  »        M         n    pp.  98.35— 3»- 

•  •»       n         t>    pp.  a8, 31— 35. 
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composing  the  Porcellanic  division  is  indicated  by  the  nme  itself.  The  bottom 
division  is  mainly  arenaceous,  the  calcareous  and  argtHaceoas  element  being 
present  only  to  a  very  subordinate  extent 

IV.— Rhotas  Division. 

In  the  area  under  notice  the  shales  No.  lo  of  Mallet's  are  nowhere  developed. 

.  Thus   the  division  bed  consists  entirely  of  thin-bedded 

liinestone.    The  bottom  beds  of  the  division   exhibit  a 

tendency  towards  concretionary  cbaracteri  well  formed  calcareous  concretions  being 

often  developed. 

Crystals  of  quarts  have  been  found  developed  in  the  drusy  cavities  ia  the  lime- 
stone in  some  places. 

Much  local  puckering  and  crumpUng  is  observable  in  these  thin-bedded  lime- 
stone beds,  but  the  topmost  beds — those  by  the  junction  with  the  Kaimur  beds — 
show  no  evidence  of  disturbance. 

III.— Khbinjua  Division. 

The  sub-divisions  8,  7  and  6  n^ake  up  this  division.    But  in  the  area  under 

KhelnioA  division,         consideration  it  is  divisible  into  the  following  well-marked 
Stfb-dmded  tnto    S     «^  .^«  . 
g^.|^j  series :— - 

(In  defcending  order.) 
i.  ArgiilaceouM  Mkales,  containing  calcareous  concretions  with  intercalat- 
ed KflMfrtone  beds.    Afeaaceevs  eleaMit  alaoak  afcee«C> 

\jmmiiu>m  fmre  (  Q^  aren^ceoM  ^  argUUcepn*  ^lenoent  present, 
tji.  5Aa/««-^Arena«eoos  and    argillaceous,  with  thin-bedded  yandstone ; 

ripple-marked  ;  no  calcareous  beds, 
iv.  Limt$ion»  with  skattS'^ 

Limeetone   very   iaHNir*  and  rippl«r«aaica4  p  ikafea  mddidi,  soma* 
tiaaea  eakancN«»  U  atkm  l»f9B«  apt. 

Arenaceous  and  argillaceous ;  much  ripple-marked,  and  with  quartzitie 
thin  bands  of  sandstone, 
vi.  Sandstons-^ 

Thick-bedded,  compact  and  quarts itic 
vii  Z4mf9ton0  with  shaUs — 

Limestone  purer  than  No.  tv ;  shales  greenish  and  non-calcareous. 
VHi.  Shales  and  sanditann — 

Sandstone  generaRy  thin-bedded ;  shales  greenish  and  laminated. 

Of  these  series  ( i  to  viii )  the  limestone  No,  ii  has  been  traced  as  far  as 
Rampur,  where  it  dies  out.     The  series  No.  iv  persists 
wjl^tt^vtiaf *^r     throughout  the  area,  while  the  limestone  vii  is  not  traceable 
careous  series   in   the     beyond    '^Ucheyra^'    of    map,    near    Marjdtpur;  but  a 
dtvisioo.  limestone  appears  again  about  this  horizon  at  2  miles  S.  E, 

by  S.  of  Rampur  (Lat.  24^19'  N.,  Long8x°  3»'-5  E.)  and  continues  eastwards, 
becoming  concealed  under  the  alluvium  at  the  eastern  eztiremity  of  die  area. 

lU^PORCEM^fiUC    DIVISION* 

This  division  is  divisible  into — 
Divided  into  three    Upper  Porcellanic  shales,  corresp^iqidiiig  to  No.  $  of  Mallet. 
sub-divisions.  Trappoid  beds  ,«  w    4  i>        ti 

Lower  Porcellanic  shales        m  »»    3  t»        •• 
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Looked  at  broadly,  the  bulk  of  the  division  is  eomposed  of  the  fine-grained 
porcellanic  shales,  and  in  their  midst*  and  rather  nearer  the  base  than  the  top,  we 
find  a  band  of  coarser  rocks  to  which  the  name  "Tn^;>poid"  has  been  applied. 
The  npper  poroelhuiic  shales  have  a  considerable  qnantity  o£  ordinary  argillaceous 
shales,  very  little  altered,  intercalated  in  them*    The  "  txappoids"  are  thoroughly 
well  bedded,  in  beds  often  of  the  same  thickness  as  the  porcellantc  shales     They 
do  not  iorm  a  well  definable  band  by  themselveap  bnt  occur  intercalated  with  the 
finer-grained  porcellanics.    The  trappoids  are  generally  of  a  bluish  color,  but  vary 
in  fineness  of  grain,  some  being  like  exceedingly  fine«grained  quaitzites,  while 
others  are  mach  more  coarse  and  gritty»  with  the  qnartz  grains  generally  rounded. 
Felspar  is  present,  but  is  scarcer  in  certain  parts  than  ia  olhera.    No  hornblende 
could,  however,  be  detected  in  the  area  under  notice. 

L_CONGLOMERATIC  DIVISION. 

c  No.  a.  Limestone. 
CouHilBas^^^  1.  Conglomeratic  and  calcareoui  sandstone. 

As  no  exposures  were  available  in  the  area  in  question  for  a  minute  examination 
.  ,^^     of  the  constituents  of  Mr.  Mallet's  'subdivision'  No.  i,  viz^ 
yet  unoracticable  from     the  conglomeratic  and  calcareous  sandstone,  the  '  subd(vi- 
want  of  good  exposures     gion '  has  been  allowed  for  the  present  to  stand  as  it  was. 
» «K    aMs.  jjj^  limestone,  coming  in  Just  above  the  conglomeratic 

and  calcareous  sandstone,  does  not  seem  very  prominent  or  remarkable  in  any  way, 
but  on  the  other  hand  seems  to  be  of  a  very  inconstant  and  variable  character.  So 
it  seems  preferable  to  take  in  the  Limestone  No.  2  with  the  *  Conglomeratic  and 
calcareous  sandstone  *  beds,  and  form  the  two  into  one  division.  It  seems  all  the 
more  reasonable  to  do  so,  as  we  find  it  stated  that  the  lowest  two 'subdivisions' 
(pis.,  No.  t  limestone  and  No.  i  conglomeratic  and  calcareous  sandstone)  appear 
to  be  in  some  measure  equivalent  to  each  other^,  a  conclusion  presumably  based  on 
an  examination  of  the  rocks  over  the  whole  area. 

Although  for  want  of  suitable  exposures  in  this  area  a  proper  subdivision  of  the 
General  compoaition      division  has  not  yet  been  possible,  the  following  Is  the 
of    the  conglomeratic     general   composition,   of  (be    division.      The    limestone 
diyisloA.  (limestone  ••  No.  a  ^  passes  into  a  dark  bluish  earthy  rock^ 

ferruginous  in  places;  shale,  sandstone  with  quartz  and  ferruginous  bands  and 
quartzitic  sandstone,  light  to  dark  grey  and  fine-grained  to  coarsish,  are  next  seen, 
while  lower  down,  ferruginous  calcareous  beds  with  pale  greenish  shale  passing  down 
into  a  greenish  argillaceous  shaly  sandstone  come  in  close  above  the  quartzite 
which  forms  (he  range  between  Bela  and  Sana.  This  qnartzlte,  which  is  thick- 
bedded,  compact  and  hard,  and  reddish  to  white  in  colour,  has  hardly  any  pebbles  in 
its  upper  part,  but  becomes  conglomeratic  in  the  lower  part,  the  pebbles  being  of 
white  and  reddish  quartz,  red  jasper  and  quartute. 

c^^tttfttAbiii!*  f  the  ^       *®  divisions,  IV  to  T,  which  make  up  the  Lower 

several  divisioiBs  of  the  Vindhyans,  are  conformable  to  one  another.  As  ta  tbe^ 
Lower  Vindhyans  and  relations  of  the  Lower  Vindhyans  (i)  to  the  rocks  that  under- 
dhyws".  ^'^  "^^"  ^'""     U<5  the  system  and  (a)  those  that  pv^rUe  the  aystem :— 

'  Msow1,an4ed«p.95* 
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(i)  The  lower  junction  of  the  bottom  conglomerate  (division  I)  of  the  Lower 
Vindh^ans  (or  Semri)  rests  unconfonnably  upon  a  gneiss  in  the  area 
nnder  examination. 
(2)  The  upper  junction  of  the  Lower  Vindhjans  (that  is,  the  Kaimar-Rhotas 
junction)  has  been  stated  to  be  unconformable  on  these  grounds  :— 
(a)  That  the  Kaimur  beds  overlap  the  Lower  Vindhyans. 
{¥)  The    occurrence  of  Lower  Vindhjan  debris  in  the  Kaimur  beds 

100  ft.  or  more  from  the  base  of  the  Upper  VindhTans  ^ 
(<)  The  existence  of  a  sharp  line  of  division  between  the  Kaimur  and  the 
Rhotas,  especially  in  the  sudden  and  abrupt  change  from  the  fine* 
grained  deposits  of  the  Rhotas  to  the  coarse  sandstone  of  the 
Kaimur** 

\^th  reference  to  the  unconformity  from  overlap,  it  is  apparent  that  overlap 

-^   ,        ,  .     need  not  always  imply  unconformity.    The  existence  of 

OrerUp     does     not  ,  ,  ,  ,       .      ir  c  ..1..    .<• 

necessarily   prove   nn-     Overlap  would  not  by  itself  prove  any  unconformabikty  if 

conformity.  unsupported  by  other  evidence. 

As  to  erosion-unconformity.    The  occurrence  of  Lower  Vindhyan  debris  100  ft. 

Denodation  aneon*  or  more  above  the  base  of  the  Kaimurs  has  found  neither 
formity.  confirmation  nor  negation  from  my  personal  observations  in 

this  area.  For,  though  in  the  course  of  my  examination,  I  cannot  say  I  could 
detect  any  such  Lower  Vindhyan  debris  in  the  Kaimur  beds,  it  must  be  remembered 
that  the  slopes  of  the  Kaimur  scarp  in  the  area  in  question  are  exceedingly  un- 
favourable for  close  examination.  The  Kaimur  conglomerate  is  absent  in  this  area. 
Whenever  the  state  of  exposure  allowed  an  examination  of  the  ground  to  be 

No  Kaimar-Rhotas  n^^de,  I  never  succeeded  in  coming  upon  a  contact  of  the 
conuct  pi oviig''ef<'««on  Rhotas  limestone  with  the  rocks  above  indicating  erosion- 
could  be  detected  here.  unconformity.  The  shales^®  overlying  the  Rhotas  lime- 
stone certainly  seemed  thicker  in  some  places  than  in  others,  but  whether 
this  was  due  to  the  original  variability  in  the  thickness  of  the  shaly 
deposit,  or  to  denudation  of  the  underlying  limestone  rock  in  places  (where  the 
accumulation  of  shales  would  thus  be  greater  than  elsewhere)  before  the  deposition 
of  the  shales,  or  to  local  depression  in  the  rim  of  the  basin  which  would  thus  take 
out  of  sight  some  of  the  lower  beds,  it  was  difficult  to  make  sure.  Should  there 
have  besn  denudation  in  the  case,  the  contact  between  the  limestone  below  and  the 
shales  above  ought  to  show  evidence  of  erosion  somewhere  or  other.  But  although 
I  did  not  succeed  in  coming  upon  an  exposure  proving  the  denudation  of  the 
limestone  before  the  deposition  of  the  shales,  this  does  not  of  course  disprove  its  exist- 
ence, having  regard  to  the  nature  of  the  ground. 

There  is  certainly  much  evidence  of  disturbance  in  the  beds  of  the  Rhotas 

limestone,  often  in  close  vicinity  to  the  base  .of  the  Kaimurs 

ta.^'tto'S^n^lfn'^^     which  are,  however,  quite  undisturbed.    That  the  Rhotas 

rior  to  deposition  of  the     Umestone    might  have   been    disturbed    and   contorted 

^'"**"'  before  the  deposition  of  the  Kaimurs  is  contradicted  by 

•  Mem.  G.  S.  I,  VII,  pp.  47  •nd  50  s  Manual,  and  ed.,  pt  » 

•  Mem.  G.  S.  1.,  VII,  p.  47 ;  Manual,  and  ed..  p.  99- 
*•  These  are  the  Biiaigarh  shales  in  all  probability. 
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tbe  inTariable  complete  parallelism  of  the  topmost  Rhotas  limestone  with  the 
Kaimurs,  which  has  been  observed  in  this  area  wherever  a  clear  point  of  junction 
has  permitted  an  examination. 

With  regard  to  the  unconformity  as  inferable  from  sudden  change  in  lithologi- 
As  to  onconformity  ^  character  from  the  Rhotas  into  the  Kaimur  beds,  the 
from  abropt  change  in  examination  of  this  junction  in  the  area  under  report  has 
lithologicaf  character.  ^e^^  ^^^^^  ^^  ^  attended  with  circumstances  of  consider- 
able  disadvantage,  for  the  debris  from  the  steeper  parts  of  the  Kaimur  scarp  form  in 
most  places  a  talus  along  the  lower  slopes  of  the  scarp,  rendering  it  a  most  difficult 
task  to  come  upon  an  exposure  showing  a  clear  point  of  junction  of  the  Rhotas 
limestone  with  the  Kaimur  rocks.  The  following  are  some  of  the  localities  where 
the  sections  at  or  near  the  junction  were  found  to  be  instructive. 

Guriarf^Ao/.— Here  the  siliceous  shales  ^^  (the  shales  that  overlie  the  Rhotas) 

.  .     »rc  seen  to  pass  normally  into  the  Kaimur  sandstone  of  the 

^^ection  at    Gursan     ^^^^      ^^  junction  of  the  shales  with  the  Rhotas  is, 

however,  concealed  here. 

&flr/-ifc^/j*y -»*««<>/«.— (Approximate  position,  Long,  8r^  iQ^Lat  24**'  i8'N.). 

X,    .«     ..   o.     ^  '^^^  exposure  here  too  is  not    perfect,  but  the  Rhotas 

Section  by  Hinaota.         i.        ^    -  ^  .  i.  .      ,    , 

limestone  seems  to  pass  mto  a  fine-gramed  homogeneous 

shale  which,  when  freshly  broken  or  exposed,  is  green,  but  turns  bluish  chalky  white 

on  exposure  to  the  air.    Such  a  rock  is  what  we  should  expect  to  meet  with  as  a 

passage  rock  from  a  limestone.  For  a  little  space  up  the  slopes,  above  the  foregoing 

shale,  the  ground  is  covered,  but  the  shales  that  are  exposed  a  little  higher  up  are 

somewhat  siliceous,  and  these  pass  above  into  the  thick-bedded  sandstone  of  the 

Kaimur  scarp. 

loot  of  tcarp^hpei,  N.  W.  Daorahra.—l^tzi  Boorgaona.    The  homogeneous 

shale  referred  to  as  being  met  with  in  the  last  mentioned 

Expoiare  by   Dao-      locality  is  also  exposed  here.    But  neither   the  junction  of 

'*^'*'  the  Rhotas  limestone  with  this  shale,  nor  the  passage  of  this 

rock  into  the  siliceous  shales  and  sandstone  above,  is  traceable  here. 

Scarp-slopes  N.  W.  of  Majgama.'-The  foot  of  the  spurs  is  occupied  by  the 
Rhotas  limestone.  A  little  way  up  {U.,  after  a  short  blank 
Section  by  Majgama.  section)  a  finely  laminated  soft  shale,  white,  grey  to  blackish 
is  seen  (the  shale  is  occasionally  blackish  enough  to  look  carbonaceous).  These 
soft  shales  pass  upwards  into  shales  somewhat  harder,  the  colour  being  yellowish  to 
brownish-grey,  with  a  faint  approach  to  a  porcellanic  look."  Beyond  this  point  a  talus 
of  sandstone  obscures  the  section,  but  the  thick-bedded  sandstone  of  tbe  scarp  is 

close  above 

Section  at'    Reiwas  ^^^^<^*   ffin.--(i\    miles    N.   by    E.   of    Rampur, 

Hill.  Lat  a4°2  V-5  N,  Long.  8 1^33'  E.)    At  the  S.  E.  extremity  of 

this  hill,  although  the  exact  point  of  junction  (Kaimur-Rhotas)  is  not  to  be  seen,  the 
uppermost  Rhotas  limestone  as  well  as  the  shales  above  are  well  exposed.  Just 
above  the  uppermost  limestone,  a  few  feet  of  blank  section  covered  over  with  shale 
debris,  intervenes,  beyond  which  occurs  a  laminated  shale,  somewhat  blackish 

«  The  shales  coining  in  immediately  above  tbe  Rhotas  limestone  in  this  area  are  probably 
Biiagarh  shales,  as  already  indicated.  ,     ,  ^  .... 

»One  bhere  reminded  of  tbe  circnmsUnce  that  south  of  Saranga,  near  Mirgaoti,  we 
find  a  limestone  passing  down  through  a  white  earthy  rock  into  a  poroellanic  shaly  rock. 
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in  colour  in  places,  and  Tery  sKghtl  j,  if  at  all,  ailloeoas.  This  shale  is  succeeded 
by  some  more  shales  which  are  earthj  and  somewhat  porcellanic.  Over  these 
comes  in  the  thick-bedded  sandstone.  The  dip  of  the  limertone  as  well  as  of  the 
shales  above  is  N.  15*^  W.  at  ii^) 
*^In  all  these  instances  not  onlj  is  a  perfect  conformity  observable  between 
The  aboresectSoM  show  conformi.  ^«  Rbotas  limeslone  and  the  Kaimnr  beds* 
tj,  and  indicate  gcadoal  panage.  but  also  a  gradual  passage  hidicated  from  the 

one  into  the  other. 

Thus  so  far  as  the  materials  at  hand  will  enable  one  to  }adge,  this  is  what  we  can 
Conclusions  with  regard  to  upper     conclude  with  regard  to  the  Kaimur-Rhotas 
boundary  of  the  Lower  Vindhyans.      junction  in  the  area  under  notice— 

I.  That  no  dip  unconformity  is  observable  along  this  junction,  but  on  the  contrary  :«- 
3.  Wherever  the  aectioii  ia  fairly  dear,  thera  esiata  a  oomplete  dip  conformity  between  the 

Rhotas  limestone  and  the  Kaimur  rocki. 
3,  That  00  physical  break  in  the  form  of  abrupt  change  in  the  lithological  character  of  the 
rocks  is  to  be  observed,  but.  ou  the  other  hand,  from  the  few  cases  where  the  sections 
have  been  found  to  be  tolerably  clear,  the  indications  all  point  in  the  other  direction 
namely,  that  there  is  a  physical  continuity  in  the  passage  from  the  Rhotas  into  the 
Kaimur  beds  above. 

In  conclusion,  it  may  be  observed  that  if  the  shales  which  come  in  immediately 
Kai  d-     *^^^^  ^^  Rhotas  limestone  are  the  Bijaigarh  shales,  then  the 

stone  absent  in  this  Lower  Kaimur  sandstone,  as  well  as  the  Kaimur  conglo- 
AT^*  merate,  is  absent  in  this  area.    How  &ir,  however,  the 

absence  of  the  Lower  Kaimur  sandstone  may  be  accounted  for  by  the  supposition 
that  the  lower  part  of  the  Bijaigarh  shales  may  represent  here  the  Lower  Kaimur 
sandstone,  that  is,  how  bx  the  case  may  here  be  one  of  only  normal  lateral  replace- 

tft.  .k^^^  •«—  1*-  m^ni  is  a  matter  that  can  only  be  decided  after  more  ex- 
its aosence  may  oe  •  ,  .  rr^t^ 
due  to  normal  lateral  tended  observation.  The  conglomerate,  however,  though 
displacement  by  BUai-  it  is  absent  here,  certainly  indicates  a  physical  break.  Tlie 
^"  *  *'  occuxrence  of  the  conglomerate,  however,  above  the  Bijaigarh 
^  shales  carries  the  break  to  the  base  of  the  .Upper  Kaimur 
glomMate  proves  *^no  beds,  that  is,  some  way  up  from  the  Rhotas-Kaimur  junc- 
break  at  Rbous- Kaimur  tion.  So  the  conglomerate  as  an  evidence  of  a  break  is 
junction.  ^^^  ^j  much  account  so  far  as  the  horizon  of  the  boundary- 
line  as  hitherto  assigned  between  the  Upper  and  Lower  Vindhyans  is  concerned, 
being  placed,  as  it  is,  some  distance  above  it. 


Note  on  Dr.  Fritz  Noetling'S  paper  on  the  Tertiary  system  in  Burma 
in  the  Records  of  the  Geological  Survey  of  Indta  for  iSpSt  R^^^  ^  * 
by  Mr.  THEOBALD,  late  Superintendent^  Geological  Survey  of  India. 

Having  read  with  much  interest  the  above  paper,  there  are  a  few  remarks  I 
should  like  to  make,  as  in  one  case  the  author  attributes  to  me,  as  a  ^'  logical  out- 
come'' views  I  never  contemplated  for  a  moment,  and  in  another  matter  it  seems 
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desirable  to  elicit  more  clearly  than  at  present  whether  Dr.  Noetling^s  correction  of 
a  previous  statement  of  mine ,  rtally  can  claim  to  be  any  correction  at  all. 

I  make  no  objection  to  Dr.  Noetling  terming  the  beds  previously  named  by  me 
'^F^til  wood  group,**  the  Irrawaddi  division,  although  I  cannot  agree  with  Dr. 
Noetling  that  the  name  bestowed  by  me  was  ^  by  no  means  appropriate/'  because 
Fossil  wood  was  found  abundantly  in  certain  post-tertiary  beds  also.  The  term 
proposed  by  myself  emphasized  and  pointed  to  the  fact  that  in  the  beds  so  called 
the  Fossil  wood  existed  in  tilu,  and  that  they  were  the  original  depository  of  the 
Fossil  woody  which  in  the  newer  beds  was  simply  derivative  and  the  result  ol  the  re* 
arrangement  of  the  materials  of  the  Fossil  wood  group  proper. — (p.  76  1.  c).  At  page 
83,  Dr.  Noetling  takes  exception  to  a  suggestion  of  mine  that  the  silica  with  which 
the  fossil  trunks  of  trees  had  been  mineralized  might  have  been  derived  from 
springs  discharging  into  the  water,  wherein  I  supposed  the  trees  to  have  floated 
prior  to  their  entrenchment.  ''The  logical  outcome  of  this  theory  is  that,  wherever 
a  single  specimen  of  a  silicified  log  is  fonnd  in  sifu,  we  are  bound  to  suppose  that 
just  underneath  that  very  log  a  spring  rose  in  order  to  petrify  it,  and  having  done 
its  work,  disappeared  without  leaving  behind  it  any  other  traces  of  its  activity." 
Now  Dr.  Noetling  is  fully  justified  in  calling  this  absurd,  but  he  is  wholly  wrong  in 
calling  it  the  **  logical  outcome**  of  anything  I  said,  wrote  or  thought  in  the  matter ! 
The  silica  may  or  may  not  have  been  supplied  by  springs  as  I  suggested,  but  all 
I  had  in  my  mind  was  the  precisely  analogous  case  of  the  flint  in  chalk  which  was 
clearly  nascent  or  in  solntion  in  the  cretaceous  sea,  and  in  its  gelatinous  condition 
gathered  round  and  mineralized  any  organic  substance  lying  fortuitously  at  the 
bottom,  as  I  supposed  the  silica  to  have  done  in  the  water  wherein  the  fossil  trunks 
in  the  '  Fossil  wood  group '  as  I  termed  it,  did  in  the  waters  wherein  they  floated— 
before  their  ultimate  mineralization.  At  page  84»  Dr.  Noetling  makes  an  important 
correction  of  a  statement  of  mine,  where  he  says  that  Mr.  Theobald's  '<  statement  that 
the  silicified  wood  is  never  bored  by  Xylophagus  moUusoa  is  absoluiofy  erremaus** 
Of  course  I  am  glad  to  be  corrected  in  a  mistake  of  this  kind,  but  in  this  case  I  am 
not  so  sure  if  Dr.  Noetling  has  corrected  me  I  By  referring  to  my  Report 
(Memoirs,  Vol.  X,  p.  66)  it  will  be  seen  that  the  fossil  wood  to  which  I  refer  is  that 
of  the  **  silicified  irunks"  which  Dr.  Noetling  admits  are  embedded  in  a  freshwater 
formation  (p.  86,  1.  c.^  as  instanced  by  the  absence  of  marine  organisms.  The 
question  hence  arises,  does  the  fossil  wood  of  which  Dr.  Noetling  says  he  has 
"  repeatedly  found  large  pieces  riddled  by  the  borings  of  these  mollusca  "  refer  to 
the  silicified  trunks,  to  which  my  siaiemeni  referred,  from  the  topmost  division  of 
my  '  Fossil  wood  group,'  or  does  it  refer  to  logs  of  fossil  wood  from  the  marine  beds 
of  Dr.  Noetllng's  Fega  group,  as  if  so  it  ceases  to  be  a  correction  of  any  statement 
of  mine  whatever?  I  have  not  myself  noticed  in  Pegu  any  perforated  wood  what- 
ever,  but  that  such  should  occur  in  beds  of  the  character  of  the  marine  beds  of  the 
Pegn  division  of  Dr.  Noetling  is  of  the  highest  probabilityi  but  as  matters  stand  it 
seems  by  no  means  evident  that  my  aseertion  touching  the  silicified  tmnks  of  my 
•  'Fossil  wood  group*  has  received  any  real  conection  from  any  observation  of  Dr. 
Noetling-^t  least  within  the  area  to  whidi  my  remarks  were  confined~it  being  of 
course  quite  possible  that  the  homologous  beds  of  the  Fossil  wood  group  of  Pegu 
might  in  Upper  Burma  be  represented  by  beds  of  an  estuarine  character  rather  than 
a  lacustrine  or  fluviatile  one,  in  which  case  Dr.  Noetllng's  observation  would  be 
perfectly  correct,  without,  implying  any  correction  of  my  own. 
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I,  Madrat,-^  Mr.  Middlemiss  reports  having  met  several  comndnm  pits  in  the 
Sivamallai  district  of  Coimbatore,  and  in  some  of  these  shallow  pits  magnetic  iron 
ore  also  appears,  concentrated  into  lamps  among  the  felspar/forming  a  rich  rock 
with  a  specific  gravity  of  3*95.  Magnetic  iron  ore  was  fonndasa  schist  and 
standing  up  as  a  small  hill  near  Hallagomallai.  The  same  rock  was  also  found 
forming  the  [Chinnamallai  (Sennamallai)  hill-range  near  Peranturei,  the  strike  in 
the  rocks  coinciding  with  the  long  axis  of  the  range. 

Mr.  Middlemiss  also  examined  the  extensive  marble  beds  near  Madukaiai, 
which  are  regularlj  banded  with  the  ordinary  gneisses  of  the  area,  and  with  which 
thej  seem  to  be  in  structural  connection.  The  deposit  appears  on  the  Coi.!!. 
batore-Madukarai  road  near  the  6th  milestone  from  the  former  place;  its  out- 
er pp  is  roughly  elliptical,  the  major  axis  running  NE  to  south-east  from  the  point 
mentioned  to;  within  i^  miles  of  Kurichi  village.  The  total  length  of  the  outcrop  is 
about  7  miles,  and  the  breadth  varies  from  \  mile  to  50  or  xoo  yards.  It  is 
thickest  on  the  north-west  and  north-east  sides.  The  marble  is  greyish  white,  dark 
slate  grey  and  flesh-coloured  pink,  and  forms  a  very  valuable  building  stone, 
hitherto  but  little  used  locally. 

IL  Burma, — During  the  early  part  of  this  year  Dr.  H.  Warth  examined  the 
so-called  Nanyaseik  ruby  tract  in  the  Mogoung  district ;  the  area  selected  by 
the  Burma  Government  and  proclaimed  a  gem  tract  is  about  80  square  miles, 
although  Dr.  Warth  estimates  the  actual  area  over  which  gems  are  found  in  the 
alluvial  deposits  as  about  10  square  miles  only.  His  report  will  be  published 
hereafter,  but  the  main  facts  are_the  following  :— 

X.  He  found,  in  parts  of  the  district  examined,  sandstone  without  fossils,  which 
I  believe  to  be  the  tertiary  sandstone  with  coal  seams  mentioned  by  Dr. 
Noetling  (Records  Vol.  XXVI,  Pt.  i,  p.  28). 

J.  A  scries  of  acid  igneous  rocks,  most  interesting  lithologically. 

3.  Granitic  rocks  which  inclose  beds  of  metamorphic  (crystalline)  limestone : 
the  latter  is  of  importance,  as  it  is  the  original  matrix  of  the  gems.  Dr.  Warth  is 
of  opinion  that  this  limestone  is  the  same  and  contains  the  same  minerals  as  the 
coarsely  crystalline  limestone  found  at  the  Mogok  and  Sagyin  ruby  mines  in 
Burma. 

Good  rubies  and  well-coloured  spinels  with  some  saphires  have  been  found 
in  the  alluvial  deposits  of  the  "  Nanyaseik  gem  tract. " 

in.  ^a/«fAix/a«.— Sub-Assistant  Hira  Lall  surveyed  geologically  part  of  the 
Mari  and  Bugti  hills  east  of  Sibi,  and  has  furnished  a  report,  which  will  eventually 
be  incorporated  in  the  final  Report  on  the  Geology  of  Baluchistin ;  it  is  of  interest 
to  note  that  the  great  flexures  into  which  the  rocks  of  Baluchistdn  have  been  laid 
are  continued  into  these  hills ;  the  sections  seen  are  much  the  same  as  already 
reported  on  from  the  country  further  west  and  north-west  (Records,  Vol.  XXV, . 
Pt  X,  p.  18),  and  most  of  the  beds  from  the  massive  Jurassic  limestone  to  the 
upper  Siwalik  conglomerates  have  been  recognized. 

Calcutta;  ^  C.  L.  GRIESBACH. Z?iw/^r, 
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Annual  Report  of  the  Geological  Survey  of  India  and  of 
THE  Geological  Museum,  Calcutta,  for  the  year  1895. 

The  actual  area  which  was  geologically  surveyed  during  the  past  year  is  much 
below  the  amount  which  could  have  been  estimated  for  under  favourable  circum- 
stances, though  perhaps  not  below  the  amount  of  surveys  in  square  miles,  done 
during  each  of  the  last  few  years.  This,  however,  may  easily  be  accounted  for  by 
the  fact  that  not  only  were  several  officers  withdrawn  from  survey  work  proper  and 
employed  on  so-called  economic  inquiries,  but  there  were  several  vacancies  on  the 
staff,  which  could  only  recently  be  filled  up. 

At  the  beginning  of  the  year  the  officers  were  distributed  as  shown  in  the  last 
Annual  Report  on  page  i  of  the  Records,  Vol.  XXVIII. 

Mr.  H.  H.  Hayden  joined  the  Department  as  Assistant  Superintendent  on  the 
2 1st  February,  too  late  to  take  up  field  work,  and  he  was  therefore  detained  at 
head-quarters  to  learn  the  vernacular  language  and  to  assist  in  laboratory  work. 

Messrs.  Vredenburg  and  Grimes  were  appointed  Assistant  Superintendents  by 
the  Secretary  of  State  to  fill  vacancies  on  the  staff ;  both  jointed  head-quarters  on 
the  i6th  October  1895. 

During  the  year  three  officers  proceeded  on  furlough,  namely,  Mr.  LaTouche 
on  the  19th  March,  Mr.  Bose  on  the  15th  May,  and  Dr.  Noetling  on  the  ist  July 
1895. 

At  the  beginning  of  the  present  camping  season  the  staff  of  the  survey  was  dis- 
tributed as  follows : — 

Mr.  R.  D.  Oldham 

with 
Mes.r5.  Datta,  \^^^^^^ 

Vrbdbnburo 
and 

Grimks 
Mr.  Mi  DDLS  Miss  •\ 

with  { Madras. 

n    Smith  ) 
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Mr.  Holland     •        •         •  Head-qaarters. 
„     Haydbn       .         •         •  Burma. 
Mr.  Andbrson 

with 
Dr.  Warth 

and 
Lala  Hira  Lal 
Lala  Kishbn  Singh   . 

During  the  hot  weather  months  and  the  rainy  season  most  of  the  officers 
returned  to  Calcutta  to  work  up  their  reports  and  maps;  Mr.  Middlemiss  re- 
turned to  Madras  at  the  beginning  of  the  monsoon  to  continue  field  work. 

Mr.  Oldham,  with  Mr.  Holland,  proceeded  to  Naini  Tal  at  the  close  of  the 
monsoon  to  report  on  the  stability  of  the  hill-sides  of  that  station. 

I  myself  proceeded  on  inspection  when  opportunities  offered,  and  I  performed 
the  following  tours  : — 

During  March  to  Chota  Nagpore  and  Central  Provinces. 

During  June  to  Naini  Tal  at  the  request  of  the  Government  of  the  North- 
western Provinces. 

During  July  and  August  to  the  Central  Provinces  and  Madras. 

During  October  to  Naini  Tal. 
Summary  oi  work  In  the  following  pages  I  give  an   outline  of  the  work 

accomplished.         performed  in  the  field  and  laboratory. 

As  already  reported  in  my  Annual  Report  for  1894,  the  mineralogical  survey 
«    ^,  of  Chota  Nagpore  has  been  begun  by  Mr.  Anderson,  the 

Mr.  Anderson,  mmmg  expert  of  this  Department.    Dunng  the  camping 

Lftia^''\  season  ending  during  April  of   1895  he  explored  a  con- 

siderable area  of  Chota  Nagpore.  He  made  traverses 
in  many  directions,  beginning  with  the  country  around  Borobbum,  and  from 
thence  to  Dhadka,  Moholia  and  Chaibassa.  East  of  Borobhum,  to  a  distance  of 
about  12  miles,  the  transition  rocks  are  much  intruded  by  dykes  and  masses  of  a 
homblendic  rock,  probably  diorite.  Associated  with  these  intrusions  are  in- 
numerable quartz-reefs,  many  of  which  were  tested,  but  show  no  traces  of  gold. 
Almost  all  the  reefs  of  this  area  have  generally  a  north  and  south  strike,  many  of 
them  occurring  as  joint  reefs  in  the  dykes.  In  the  country  between  the 
Cupergadi  Ghat  and  Chaibassa,  similar  dykes  associated  with  quartz-reefs  occur, 
but  they  also  show  no  traces  of  gold. 

I  visited  Mr.  Anderson  during  March,  when  his  first  and  rapid  traverses  were 
drawing  to  a  close.  A  quotation  from  his  February  report  will  afford  an  idea  of 
the  work  and  the  geological  nature  of  the  ground  gone  over.  "  During  the  month 
of  February  I  made  an  examination  of  the  country  around  Chaibassa,  Seraikela 
and  Sim.  At  the  first-mentioned  place  the  boundary  between  the  transitions  and 
metamorphic  series  runs  close  past  the  town  in  a  north  and  south  direction.  In  the 
neighbourhood  of  this  boundary  the  rocks,  particularly  those  of  the  transition 
series,  are  seamed  with  quartz  veins.  To  the  north  and  north-west  of  the  town  the 
outcrops  of  these  veins  are  not  at  all  well  defined  but  usually  form  a  series  of  small 
circular  or  elongated  hills,  composed  superficially  of  nothing  but  small  fragments 


PART  I.]  Annual  Report.  3 

0!  quartz.  In  some  parts  these  hills  occur  in  numbers  close  together  and  cover 
considerable  local  areas.  Almost  anywhere  in  such  areas  the  broken  quartz  debris, 
when  crushed  or  washed,  show  minute  traces  of  gold.  The  absence  of  defined 
outcrops  would  materially  increase  the  expense  and  time  of  prospecting  this  area, 
because  so  much  work  would  require  to  be  done  in  trenching  through  the  super* 
ficial  debris  to  get  at  the  actual  reef  outcrops." 

During  this  camping  season  prospecting  work  has  begun  in  earnest,  sufficient 
funds  having  been  sanctioned  by  the  Government  of  India  for  the  purchase  of  the 
requisite  plant,  tools,  etc.  A  five  stamp  prospecting  battery  with  all  the  necessary 
outfit  has  been  procured,  workmen  are  being  engaged  and  practical  investigations 
are  being  carried  out  in  three  separate  mining  camps.  So  far  the  traces  of  gold 
found  in  quartz-reefs  are  not  encouraging,  but  nothing  definite  can  be  said  about 
the  prospects  of  finding  it  in  payable  quantities  eventually,  as  only  70  reefs  have 
been  examined  up  to  date. 

An  interesting  and  probably  useful  find  of  blue  corundum  has  been  made  by 
Dr.  Wartb  on  the  Balarampur-Borobhum  road  ;  it  occurs  in  a  vein  of  kyanite,  and 
when  opportunity  offers  this  find  will  be  followed  up. 

The  area  mapped  during  the  field  season  of  1894  to  1895  was  very  small,  little 
more  than  700  square  miles;  this  insufficiency  may  be 
Messrs* Oldham,  Datta,  accounted  for  inasmuch  that  both  officers  (Messrs.  Oldham 
Vredenburg,  and      and  Datta)  were  new  to  the  district  and  were  only  partially 

'•  acquainted  with  the  rocks  they  met  with  during  the  progress 

of  work.  A  considerable  time  was  also  lost  by  Mr.  Oldham  in  inspecting  previous 
work  done  by  Messrs.  Hughes^  Bose  and  Smith  in  Rewah  and  in  trying  to 
reconcile  it  with  his  own  observations  and  views.  The  result  has  led  to  some 
modifications  of  views  held  hitherto  with  regard  to  the  so-called  Vindhyan 
system  ;  the  chief  point  made  out  is  the  separation  of  the  Lower  Vindhyans 
(Sub-Kymores)  from  the  Upper  Vindhyans.  The  latter  will,  according  to 
Mr.  Oldham,  hencefortfi  represent  the  Vindhyan  system  proper,  whilst  the  strata 
below  them  and  above  the  transition  rocks  are  to  be  called,  as  was  done  by 
Mr.  Medlicott  originally,  the  Semri  series.  The  Vindhyans  rest  unconformably 
upon  the  Semri  series,  but  it  will  have  to  be  established  whether  in  spite  of  the 
unconformability,  which  is  only  seen  locally  ;  the  two  series  are  separated  from 
each  other  by  a  general  break  in  deposition  of  the  beds  composing  the  same. 
Mr.  Oldham  has  stated  his  views  in  a  paper  in  Records,  Vol,  XXV  III.^ 

Besides  working  on  the  Vindhyan  rocks  Mr.  Oldham  also  examined  a  small 
coal-field  in  the  eastern  part  of  Rewah  which  Mr.  Smith  had  surveyed  some  years 
ago ;  the  Barakar  age  of  the  recks  has  now  been  established,  as  they  contain 
Verfebraria,  Glossopteris,  ScAizoneura,  etc.  Two  coal-seams  have  been  found, 
respectively  of  6  feet  and  5  feet  6  inches  thickness  ;  the  former  is  i^  miles 
south-west  by  west  of  Ujeini,  the  latter  2  miles  north  of  Amilia,  both  places  near 
the  eastern  edge  of  sheet  476. 

Mr.  Datta  devoted  the  greater  part  of  his  attention  to  mapping  the  lower 
Vindhyans,  or,  as  Mr.  Oldham  calls  them  once  more,  the  Semri  series.  The 
work  has  been  done  in  detail  and  some  additions  are  made   to  our  knowledge  of 

*  P*  I39*— On  some  outliers  of  the  Vindhyan  system  south  of  the  Son  and  their  relation 
to  the  so-called  lower  Vindhyans. 

A  a 
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this  series.  A  preliminaiy  description  of  the  area  has  been  given  by  him  in  a  paper 
in  the  Records,  Vol.  XXVIII.i 

During  November  Mr.  Oldham  took  up  work  once  more  in  Rewah,  his  staff 
being  augmented  by  Messrs.  Vredenburg  and  Grimes.  So  far  the  work  of 
the  party  has  not  progressed  far  enough  to  add  new  facts  to  those  already 
reviewed. 

Mr.  Bose  continued  work  south-west  and  west  of  Raipur  in  the  Central  Pro- 
vinces, from  where  he  returned  to  head-quarters  on  the  6th 
^^r!^P.^rBo»'  April.  He  sent  in  a  progress  report  from  which  it  appears 
that  the  main  features  of  the  geological  structure  of  that 
portion  of  the  Central  Provinces  consists  of  a  base  of  crystalline  rocks,  granites, 
and  gneisses  with  great  intrusions  of  felsites,  on  the  denuded  surface  of  which 
lie  patches,  often  of  large  extent,  of  Vindhyans";  two  lithologically  distinct 
fades  of  the  lower  division  of  this  system  have  been  distinguished  by  Mr.  Bose, — 
the  eastern  or  Chattisgarh  facies  and  the  western  or  Bhan  dara  rocks.  The  former 
are  already  known  as  the  "  Chandarpurs,"  whilst  he  proposes  to  call  the  latter  the 
"  Bagh  Nadi "  sandstones,  a  distinction  which  I  do  not  consider  necessary,  as 
apparently  these  two  facies  are  of  the  same  age.  There  can  be  little  or  no  doubt 
whatever  that  the  entire  sequence  of  beds  in  both  areas  belongs  to  the  lower 
Vindhyans,  as  known  hitherto,  and  my  own  inspection  of  these  rocks  is  in 
conformity  with  this  view, 

Mr.  Bose  had  taken  up  work  in  the  Central  Provinces  as  early  as  1884,  and 
has  always  insisted  on  having  discovered  an  unconformity  between  the  lower 
Vindhyans  and  the  so-called  Chilpis,  a  series  of  strata  doubtfully  correlated  with 
transitions  elsewhere.  One  of  the  localities  specially  mentioned  by  him  was  the 
country  around  Warorband,  about  ten  miles  south-east  of  the  Dongarghar  station 
on  the  Bengal-Nagpur  Railway.  Mr.  Bose  had  been  several  times  over  this  area, 
and  during  last  field  season  he  reported  that  he  had  obtained  confirmatory  evidence 
of  his  former  assertion.  I  may  here  mention  that  Mr.  Medlicott,  who  knew  the 
ground,  strongly  differed  from  this  view,  but  that  Dr.  King,  although  he  thought 
(Records,  XVIII,  page  190)  that  the  evidence  was  unsatisfactory,  on  a  later 
occasion  expressed  his  opinion  that  this  unconformity  had  been  established.  The 
question  of  unconformity  or  otherwise  remains  to-day  much  where  it  was  before, 
but  during  a  short  inspection  of  Mr.  Bose's  work  during  March  I  ascertained  that 
the  so-called  Chilpi  beds  have  no  existence  at  Warorband  itself.  Believing  that 
an  inspection  of  that  locality  which  he  had  repeatedly  visited,  and  the  survey  of 
which  he  had  revised  as  late  as  last  season,  would  afford  a  fair  test  of  his  work, 
I  proceeded  to  the  place  in  March  last,  and  during  a  few  days'  stay  walked  over  the 
neighbouring  country, — which  is  fairly  open,«— in  company  with  Mr.  Bose.  I  started 
from  Dongarghar  station,  which  I  may  here  mention  is  situated  on  granite,  which 
forms  particularly  characteristic  ''  tors  "  and  rugged  hills  in  the  neighbourhood,  some 
of  which  are  crowned  with  temples.  The  granite  is  seen  in  titu  not  only  there 
but  for  miles  around,  and  the  road  (ten  miles)  to  Warorband  passes  almost 
entirely  over  it.  There  are  dykes  and  intrusions  of  felsites  and  diorites  seen  in 
this  area  along  with  numerous  and  conspicuous  quartz-reefs. 

According  to  Mr.  Bose  we  should  have  a  sequence  of  older  beds  (Chilpis, 

>  p.  144. — Notes  on  a  portion  of  the  lower  Vindhyan  area  of  the  Sone  Valley. 
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consisting  of  grits  and  conglomerates,  etc.)  dipping  at  a  higher  angle  below 
the  Chattisgarh  lower  Vindhyans,  the  former  being  associated  with  eruptive 
rocks. 

What  I  actually  found  was  that  the  country  about  west  of  Warorband  consists 
of  granite,  with  wide  belts  and  intrusions  of  felsites  and  diorites  ;  these  igneous 
rocks  have  long  ridges  of  reef-quartz  running  nearly  north  and  south,  and  on  an 
abraded  surface  of  these  rocks  rest  immediately  beds  of  the  lower  Vindhyans  (so- 
called),  which  form  the  basin-like  Chattisgarh  series  of  strata,  the  western  margin  of 
which  is  slightly  raised,  thus  dipping  from  20  to  30°  east  and  east-south-east,  gradually 
flattening  out,  and  even  in  some  cases  forming  undulating  anticlinals .  The  lowermost 
beds  consist  of  brownishrred  to  purplish  indurated  quartz-sandstones,  with  strings 
of  grits  and  in  some  places  breccias  and  conglomerates,  which  strongly  reminded 
me  of  the  Rotas  (Sone)  basal  conglomerate  of  the  lower  Vindhyans.  The  grits 
are  not  confined  to  beds  nor  to  the  base  of  the  series,  but  as  is  usual  in  such 
a  lithological  facies,  occur  in  strings  and  irregular  beds  at  various  horizons. 
The  upper  beds  of  this  system  consist  of  the  Chattisgarh  limestones,  with  which 
we  have  no  concern  here.  Nowhere  could  be  discovered  any  sedimentary  or 
metamorphic  rock  which  might  have  been  identified  with  an  older  system  than 
the  Vindhyans,  and  although  I  am  quite  ready  to  admit  that  the  igneous  series  of 
rocks  which  forms  the  base  of  the  lower  Vindhyans  here,  may  be  intrusive  in  a 
"  transition  "  system,  of  which  the  Chilpis  may  be  a  local  development,  yet  neither 
at  Warorband  nor  anywhere  in  that  neighbourhood  is  there  any  evidence  of  such 
a  system,  and  the  lower  Vindhyans  rest  directly  upon  the  granitic  and  in  other 
places  upon  a  felsitic  or  dioritic  base.  It  seems  that  Mr.  Bose  had  taken  four 
distinct  rocks  as  parts  of  the  assumed  "  transition  "  series ;  first,  the  (probably) 
pseudomorphic  quartz,  which  forms  such  numerous  and  most  conspicuous  reefs 
in  that  area  and  which  in  some  places  forms  actually  the  base  of  the  lower 
Vindhyans,  and  which  being  much  crushed  at  places,  has  occasionally  the  appear- 
ance of  a  breccia  and  even  grit. — that  is  to  say,  if  not  very  closely  observed ; 
secondly,  for  some  reason  he  looked  upon  the  basal  grits  and  conglomerates  of 
the  lower  Vindhyans,  where  raised  at  a  higher  angle,  as  forming  an  older  and 
unconformable  series  of  rocks  to  the  same  beds,  where  the  dip  flattens  out,  or  is 
even  slightly  reversed  in  cases  of  shallow  synclinals,  and  this  was  the  case  at  a 
point  east  cf  the  Warorband  lake  itself;  thirdly,  an  exposure  of  diorite  weathering 
concentrically  and  showing  that  leafy  condition,  which  in  hand-specimens  is  often 
at  first  misleading,  was  mapped  as  intrusive  in  phyllites,  the  latter  being  the 
weathered  and  ps^udoschistoze  portion  of  the  diorite ;  and  lastly,  Mr.  Bose  had 
identified  and  mapped  as  grits  and  shales  of  the  Chilpis,  a  long  and  most  con- 
spicuous ridge  made  up  of  typical  felsite.  After  a  most  careful  inspection  I  may 
assert  most  confidently  that  at  all  events  there  are  no  "  transitions  "  or  "  Chilpis  " 
or  any  older  sedimentary  strata  below  the  lower  Vindhyans  at  Warorband,  but 
that  the  latter  rest  directly  upon  an  eroded  surface  of  igneous  rocks.  That  the 
''  Ghilpi  Ghat  series  "  may  elsewhere  underlie  the  lower  Vindhyans  unconformably 
is  thereby  not  disproved  of  course. 

The  continuance  of  the  geological  survey  of  the  Central  Provinces  has  to  be 
postponed  owing  to  the  fact  that  Mr.  Bose  has  gone  on  two  years'  furlough. 
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After  return  from  field  work  in  Rewah  and  before  the  beginning  of  the  rainy 
NrW.  Prwfince^,  season,  Mr.  Oldham  was  deputed  to  Naini  Tal  to  serve  as 

JViifni  Tal.  member  on  the  Committee  appointed  to  report  on  the 

a^d'HSland.™  ^^^^  ^^  Government  House  Hill.    The  examination  was 

conducted  during  May  and  most  of  June ;  Mr.  Oldham  has 
sent  in  his  report  to  the  Government  of  the  North-West  Provinces,  but  the  following 
extract  from  his  diary  for  June  expresses  his  views  in  outline  :  "  The  facts  collected, 
when  compared  with  those  observed  on  my  previous  examinations  leave  no  doubt 
that  there  is  a  steady  downhill  creep  of  the  outer  portion  of  the  hill  for  a  depth  of 
probably  about  50  feet.  The  main  surfaces  of  separation  unfortunately  reach  the 
summit  under  the  Government  House  and  the  constant  settlements  which  have  Uken 
place  in  the  past,  at  an  annually  increasing  rate,  impressed  me  with  the  danger  of  a 
further  settlement  taking  place,  which  might  be  sufficient  to  endanger  the  house/' 

As  other  members  of  the  Committee  dissented  from  this  view,  the  Government 
of  the  North-West  Provinces  requested  that  I  should  give  my  opinion,  and  I  pro, 
ceeded  to  Naini  Tal  accordingly.  Whilst  I  fully  agree  with  Mr.  Oldham  in  believ- 
ing that  the  entire  hill  slope  below  Government  House  is  in  a  more  or  less  danger- 
ous condition  and  that  some  day  slips  on  a  large  scale  may  occur  there,  yet  I  did 
not  feel  convinced  that  distinct  proofs  existed  of  later  and  more  extended  develop- 
ments of  certain  cracks  in  the  hill,  which  had  been  reported  on  many  years  ago.  In 
the  absence  of  positive  proofs  that  the  hill-side  exhibited  greater  signs  of  danger 
now  than  it  did  for  some  years  past.  I  did  not  advise  the  Government  to  evacuate 
the  hill,  but  to  stringently  enforce  certain  recommendations  which  had  been  made 
by  previous  committees,  and  also  to  carry  out  extended  drainage  works.  One  of 
my  reasons  in  advising  Government  thus,  was,  that  immediately  after  the  rains  a 
further  and  more  detailed  examination  of  all  the  hill-sides  of  Naini  Tal  was  to  be 
made  by  officers  of  the  department,  when  the  question  would  be  finally  settled. 
This  was  done  during  October  and  part  of  November  of  this  year.  A  large  scale 
contoured  map  of  the  station  had  been  made  by  the  Survey  of  India,  and  Messrs. 
Oldham  and  Holland  conducted  their  detailed  inquiries,  which  will  be  embodied 
in  an  exhaustive  memoir  and  which  ought  to  dispose  finally  of  the  question  of  the 
safety  of  this  hill -station. 

The  investigations,  chiefly  of  a  petrological  character,  which  Mr.  Middlemiss 

Madras.  pursued  during  1894,  were  continued  also  darii^  the  past 

Messrs.  Middiemisa       year,  and  they  have  added  much  to  our  knowledtre  of  the 

.  oraun.        occurrence  and  distribution  of  the  magnesitesand  corundum 

o    the  Madras  Presidency.    Many    of  his  observations  are  of  great  interest  and 

have  therefore  been  more  fully  dealt  with  in   ''notes  "  published  in  the  " Records." 

He  has  sent  a  preliminary  report,  rather  fully  worked  out,  which  will  be  published 

in  the  "  Records."    This   cold  season  he  is  assisted  by  F.  H.  Smith,  and  it  was 

hoped  that  the  special  work  on  which  Mr.  Middlemiss  has  now  been  engaged  for 

about  two  years  would  be  accelerated,  but  unfortunately  Mr*  Smith  has  been 

seriously  ill  with  fever  since  his  arrival  in  the  Madras  PresideiK^y. 

The  trial  boring  for  oil  which  was  commenced  two  years  ago,  progressed 
^.^^  satisfactorily,  if  slow,  till  ^e  i^h  March  of  the  past  year, 

Mr.  LaTouche.  On  which  date  Mr.  LaTouche  handed  owti  the  work  to  Lata 

Laia  Hira  Ul.  Hira  Lai ,  Sub-Assistant  of  the  Geological  Survey  of  India, 
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and  proceeded  on  furlough  for  eighteen  months.  The  latter  was  only  very  few 
days  responsible  for  the  direction  of  the  boring,  arrangements  having  been  made 
to  hand  the  same  over  to  the  North- Western  Railway  authorities,  which  was  finally 
effected  on  the  25th  March.  Mr.  LaTouche  has  given  a  short  report  on  the  boring 
in  the  May  number  of  the  Records. 

The  personnel  of  the  works  consisted  of  Mr.  LaTouche  with  Lala  Hira  Lai  of 
the  Department,  the  latter  only  having  joined  35th  October  1894 ;  and  two  Ameri- 
can ddllersy  Messers.  Cremer  and  Eady.  The  last  named  was  engaged  at  the 
special  representation  of  Mr,  LaTouche,  who  nrged  the  advisability  of  working 
more  continuously. 

When  Mr.  LaTouche  handed  over  the  boring  to  the  North- Western  Railway 
authorities  it  had  reached  a  depth  of  about  1,100  feet,  and  since  then  it  was  brought 
down  to  1,500  feet,  without,  however,  obtaining  any  trace  of  oil.  The  chisel  has 
passed  Uirough  some  limestone  bands  latterly,  which  may  be  the  beds  of  the  lower 
nummiilitic,  but  to  be  certain,  I  have  recommended  that  the  boring  be  brought 
about  300  feet  lower. 

Salf. — While  superintending  the  boring  at  Sukkur,  Mr.  LaTouche  had  occasion 
to  examine  a  very  interesting  occurrence  of  rock-salt  in  nummulitic  limestone. 
The  spot  where  this  mineral  is  found  is  about  half  a  mile  south-east  of  the  village 
of  Aror,  which  lies  at  about  4  miles  east  of  Rohri  on  the  left  bank  of  the  Indus. 

During  February  Mr.  Smith  examined  the  high   range  between  the  Ldni  plain 

and  the  Zhdb  territory.    This  range  is  apparently  formed 

^^!^tltH^Frt^Ur^'     ^^  massive  Jurassic  limestone,  containing  ammonites ;  its 

Mr.  P.  H.  Smith.  thickness  is  very  great,  and  in  die  Wat  pass,  which  leads 

f*!*  i^.^f  ^b'    X.         through  the  centre  of  tiie  range,  it  is  quite  3,000  feet,  all 
Lala  Kishcn  Singh.  ^     ^^    .^.        j  .u    l        •         /  j 

Within  sight,  and  the  base  is  not  exposed. 

This  grey,  massive  limestone  is  overlaid  by  the  neocomian  belemnite  beds, 
consisting  of  yellowish  to  pink,  light  green  and  white  shaly  limestones  and  shales,— 
conformably  apparently.  The  entire  area  near  Mekhtar  is  formed  of  these  beds 
which  yielded  belemnites  in  abundance,  besides  some  ammonites. 

This  neocomian  horizon  is  overlaid  by  a  great  series,  which  Mr.  Smith  was 
unable  to  divide  further,  but  which  seems  to  have  varied  a  good  deal  lithologically  ; 
the  middle  of  the  series  apparently  contained  nummulitic  limestone  beds,  and  the 
uppermost  beds  were  capped  by  the  white  nummulitic  limestone  of  the  Spintangi 
beds.  Some  of  the  beds  of  this  great  series  appear  to  be  d^ved  from  volcanic 
material,  and  even  basaltic  rock  was  met  widi. 

Later  on,  after  returning  from  the  Tochi  pass,  to  which  he  was  deputed  on 
special  duty,  he  traversed  the  country  lying  between  D^ra  Ghizi  Khdn  and  Zi^rat. 
His  observations  were  only  made  en  rwtte  and  consequently  must  be  fragmentary. 
He  reports  that  between  Karwada  to  Mekhtar  he  traversed  about  30  miles  of  middle 
and  lower  nummulitic  rocks,  sandstones  and  limestones  with  numerous  shale 
partings.  East  of  Mekhtar  these  beds  rest  apparently  conformably  on  "belemnite 
beds"  (upper  cretaceous).  From  thence  to  some  distance  west  of  Loralai  he  ob- 
served all  the  rock  facies  which  we  'already  know  to  exist  in  those  parts,  i>., 
sections  from  the  Jurassic  limestone  to  nummulitic,  but  he  had  no  time  then  to 
further  examine  the  country,  the  season  being  too  far  advanced.  The  high  ran^^e 
north  of  the  Shdhrig  valley,  generally  known  as  the  Kaliphit  range  and    which  rise 
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to  upwards  of  10,000  feet,  seems  to  show  in  places  a  complete  section  beginning  with 
the  Jurassic  massive  limestone,  overlaid  by  cretaceous  rocks  and  capped  by  the 
lower  nummulitic  limestone.  The  existence  there  of  Jurassic  beds  is  an  interesting 
fact. 

Daring  June  Mr.  Smith  examined  some  of  the  high  ground  west  of  Ziirat, 
especially  the  Pil  range,  through  which  a  fine  section  is  laid  bare  by  the  tangi  (de- 
file) north  of  Mangi ;  the  range  is  made  up  of  a  great  thickness  of  massive  limestone 
(about  3,000  feet),  which  he  identifies  with  the  Jurassic  beds  seen  further  east,  and 
which  is  overlaid  by  well- developed  "  belemnite  beds  "  {i.t,^  lower  and  upper  creta- 
ceous), the  whole  being  covered  by  the  hard  grey  lower  nummulitic  limestone. 

Hilh  east  of  *Si3i',— Lala  Hira  Lai,  after  handing  over  the  Sukkur  boring  to  the 
North-Western  Railway  authorities,  was  ordered  to  Baluchistin,  and  to  survey  the 
low  ranges  east  of  Sibi.  He  was  engaged  during  May  and  June  in  geologi- 
cally surveying  the  low  hill  ranges  east  and  north-east  of  Sibi,  which  task 
was  successfully  accomplished.  The  rocks  met  with  belong  to  the  tertiary 
system  and  recent  deposits.  Upper  nummulitic  limestones  were  met  with  occasion- 
ally, but  the  rest  seem  to  consist  of  very  large  thicknesses  of  Siwalik  sandstones, 
shales  and  conglomerates  only.  Some  fossils  were  collected  by  this  officer,  but 
apparently  good  specimens  are  very  rare  and  as  usual  in  those  parts,  the  Siwaliks 
contain  little  more  than  fragmentary  remains  of  vertebrates,  amongst  which  are 
-^tvf  few  which  will  permit  a  specific  determination. 

HilU  near  Quet/a.^-L^AB,  Kishen  Singh  was  engaged  during  the  last  quarter  of 
the  year  in  examining  the  south-western  extension  of  the  Murdar  hill  near  Quetta, 
which  he  found  to  consist  of  massive  limestone,  probably  of  Jurassic  and  lower  cre- 
taceous age,  the  only  clue  to  its  structure  apparently  being  a  band  of  upper  creta- 
ceous belemnite  beds.  He  also  examined  the  northern  end  of  the  Chehiltan 
range ;  the  section  of  it  had  already  been  worked  out  during  previous  field  seasons. 
It  includes  strata  from  the  upper  Jurassic  to  lower  nummulitic  age. 

Tochi  Pass, — Mr.  Smith  was  deputed  to  join  the  Tochi  delimitation  camp 
during  February  and  March,  and  he  has  furnished  a  short  preliminary  report,^  the 
main  features  of  which  shew  that  the  section  seen  along  the  Tochi  route  resembles 
closely  that  of  the  Sulaimin  section,  and  that  some  of  the  rocks  are  very  similar  to 
those  found  in  Baluchistan. 

The  sectioQ  commences  on  its  eastern  limit  with  a  series  of  Siwaliks,  which  dip 
eastwards  under  the  recent  deposits  of  the  Bannu  plain.  The  Siwaliks,  both  upper 
and  lower,  are  of  immense  thickness,  the  lower  beds  alone  showing  a  normal  sec- 
tion of  vertically  dipping  strata  of  2  miles  in  length.  Below  them  is  a  thin  band, 
170  feet,  of  white  nummulitic  limestone,  beneath  which  follows  a  great  thickness  of 
shaleis  and  limestones,  in  which  Mr.  Smith  did  not  discover  any  determinable  fos- 
sils, but  which  he  suspects  to  represent  the  entire  middle  and  lower  eocene  divi- 
sions. The  lowest  beds  of  this  sequence  form  an  anticlinal  ridge  of  dark  grey  un- 
fossiliferous  shaly  limestone  of  unknown  age.  These  lower  tertiary  rocks  form  a 
wide  belt,  some  30  miles  from  east  to  west,  and  include  the  Laram  range.  Near 
Mahomed  Kh6\,  the  lower  beds  of  the  series  become  suddenly  mixed  with  intrusive 
and  also  interbedded  igneous  rocks,  chiefly  diorites,  gabbros,  and  serpentines. 
North  of  Sheranni  this  igneous  series  is  overlaid'  by  white  nummulitic  limestone 

Records.  Vol.  XXVIII,  page  xo6. 
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and  shales,  and  at  Dotoi,  lo  miles  west  of  Sheranni,  the  same  igneous  series  is 
overlaid  by  blue -slaty  shales  with  thin  nummulitic  bands. 

In  some  respects  this  description  recalls  the  flysch-like  series  of  rocks  of  the 
Kdjak  and  Peshin  ranges. 

<?i7.— The  inquiry  into  the  occunence  and  nature  of  the  earth-oil  of  the  Yenan- 

Burma  gyo^^g  neighbourhood  has  at  last  been  brought  to  a  suc- 

Dr.  F.  Noetlin^.  cessful  close  by  Dr.  F.  Noetling,  who  was  engaged  on  the 

M^'  H  H  ^H***  d  "^^^^    ^^'    several    years  but  with    interruptions.     That 

*^  *"*        officer  returned  from  Burma  in  March  of  this  year  and 

has  handed  in  a  very  voluminous  and  exhaustive  report,  fully  illustrated  with 

sections,  views  and  maps  now  in  the  press. 

Gems. — Dr.  Warth  was  deputed  to  Burma  to  report  on  a  tract  of  country  north- 
west of  Mogoung,  where  rubies  had  been  discovered,  and  which  area  had  been 
declared  a  '^  stone  tract"  by  the  Government  of  Burma.  A  long 'delay  at  Rangoon, 
owing  to  a  medical  examination  which  that  officer  had  to  undergo,  prolonged 
the  inquiry  far  into  the  hot  weather  and  had  therefore  to  be  confined  to  the 
"  stone  tract "  alone. 

His  report  may  be  summed  up  as  follows :  The  area  consists  of  crystalline  rocks, 
chiefly  granitic  and  igneous,  inclosing  patches  of  metamorphic  rocks,  amongst  which 
a  crystalline  limestone  is  especially  noticeable,  which  contains  the  same  minerals 
as  found  in  the  Mogok  and  Sagyin  areas,  and  which  is  probably  also  here 
the  original  matrix  of  the  rubies,  which  are  now  dug  up  by  natives  from  the  sur- 
rounding alluvium.  The  latter  forms  the  **  stone  tract "  proper,  may  be  about  ten 
square  miles  in  extent,  and  does  not  seem  to  be  very  rich  in  gems. 

Mr.  H.  H.  Hayden  was  posted  to  Burma  during  this  field-season,  and  he  started 
work  in  the  ruby-tract  of  the  Sagyin  hills  during  November.  His  researches 
carried  out  under  somewhat  trying  conditions,  which  the  dense  vegetation  aggra- 
vates, are  of  considerable  interest.  The  main  results  obtained  so  far  are  as 
follows : — 

The  rocks  of  the  area  are  chiefly  of  two  kinds,  namely,  crystalline,  consisting  of 
gneiss  and  schists,  and  overlying  the  same,  limestone  which  is  considerably  altered 
and  contains  many  and  interesting  minerals,  including  spinel  and  ruby.  The 
latter  occur  chiefly  in  a  veinstuff  which  fills  joints  and  fissures,  and  out  of  which 
the  natives  obtain  the  gems.  One  of  the  most  interesting  facts  established  by 
Mr.  Hayden  is  that  the  limestone  rests  on  the  schists  and  gneiss,  the  junction 
being  marked  by  the  presence  of  a  conglomerate  associated  with  a  limestone 
breccia,  thus  proving  without  doubt  that  this  coarsely  crystalline  limestone  is  of 
sedimentary  origin. 

Vol.  n  of  Series  XIII  of  the  Palaeontologia  Indica  has  at  last  been  published, 
and  Dr.  Waagen's  description  of  the  fossils  from  the  Ceratite 
Publications.  ^^^^  ^.jj  j^enceforth  form  a  standard  work  on  the  lower 

trias  of  the  Salt  Range. 

The  publication  of  this  classic  volume  was  so  long  delayed  and  so  much  new 
light  has  been  shed  upon  the  lower  trias  fauna  of  India  within  recent  years,  that 
a  review  of  the  results  of  Dr.  Waagen's  researches  becomes  imperatively  necessary. 
I  am  informed  that  the  learned  Professor  is  preparing  such  a  summary,  which  will 
probably  be  first  published  in  Europe. 
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Of  the  Series  XV  on  Uimilajaxi  Fossik,  part  2  of  Vol.  II  has  already  appeared, 
descriptive  of  the  Cephalt^oda  of  the  Musrhelkalk.  The  ma.terial  which  Dr. 
Diener  had  at  his  disposal,  which  includes  all  the  specimens  collected  from  those 
beds  in  the  Himalayas  up  to  date,  is  so  complete  that  we  are  in  a  position  to 
correlate  these  beds  with  perfect  accuracy*  It  is  a  matter  of  especial  satisfaction 
to  me  that  the  examination  of  these  interesting  fossils  has  confirmed  my  division 
of  the  trias  of  the  Central  Himalayas,  founded  as  it  was,  chiefly  upon  stratigraphical 
grounds. 

Part  I  of  the  same  volume,  on  the  Cephalopoda  of  the  lower  trias  by  the 
same  author,  is  in  a  forward  condition  and  ought  to  be  published  at  an  early  date. 
All  the  plates  illustrating  the  same  are  completed  and  the  manuscript  is  ready  for 
the  press. 

Dr.  Noetling  has  prepared  several  parts  of  a  new  Series  XVI  of  the  Falaeonto- 
logia  Indica  to  illustrate  the  fauna  of  Baluchistin  and  North-Western  frontier, 
which  await  only  the  completion  of  the  plates,  to  be  issued. 

Several  memoirs  are  in  course  of  publication ;  part  i  of  Vol,  XXVII  on 
"  Marine  fossils  from  the  Miocene  of  Upper  Burma  "  by  Dr.  Noetling  has  been 
published,  and  part  a  is  in  the  press. 

A  discovery  of  vast  interest  to  Indian  Geologists  has  been  made  during  the  year 
to  which  I  must  allude  here  ;  it  is  the  discovery  of  a  Gond- 
A»r"^"**  '"  ^''"'*'  ^'^^  ^^^^  »^  coal-bearing  deposits  in  Argentina,  made  by 
Dr.  Kurtz,  Professor  at  the  University  of  Cordoba.  The 
jQora,  with  several  species  identical  with  such  out  of  the  Indian  Gondwanas,  occurs 
in  beds,  which  overlie, — though  in  what  manner  is  not  known  yet, — a  series  of  beds 
containing  a  true  carboniferous  (Culm)  £ora.  But  the  most  interesting  fact  is 
that  in  Argentina  NeuropUrtdium  validum  is  found  in  the  same  beds  with  Lepito* 
dtndron,  as  1  am  informed  by  Dr.  Kurts,  who  has  promised  to  give  me  further  and 
more  concise  particulars. 

Mr.  Holland,  the  curator,  was  absent  on  privilege  leave  from  March  12th  to 
Miweura  and  Ubora-  June  37th  and  later  on  duty  at  Naini  Tal,  from  which  he 
*ory.  returned  on   13th  November,  but  he  has  since  been  en- 

gaged in  arranging  the  rock  and  mineral  collections  belonging  to  the  Depart- 
ment. 

The  collection  of  rocks  now  amounts  to  over  i6,ocx>  specimens  and  they  have 
been  registered  and  partially  arranged.  Satisfactory  progress  has  been  made  also 
in  the  classification  and  description  of  the  collection.  The  miscroscopic  characters 
of  about  500  specimens  of  the  crystalline  rocks  have  been  worked  out,  which  will 
enable  Mr.  Holland  to  form  a  preliminary  sketch  of  the  classification  of  this  group, 
which,  though  so  largely  represented  in  India,  has  hitherto  received  little  more 
than  superficial  attention  in  the  field,  when  as  in  previous  years,  the  specimens  in 
the  collection  were  found  to  be  types  new  to  petrology,  or  were  found  to  offer 
important  evidence  concerning  unsettled  petrographical  problems.  Mr.  Holland 
has  taken  the  opportunity,  where  possible,  of  utilizing  the  college  vacations  for  the 
purpose  of  tracing  out  their  field  relations,  and  of  collecting  fresh  material  for 
confirming  or  correcting  the  microscopic  work  in  the  laboratory.  As  a  result  of 
work  of  this  nature,  the  examination  of  the  field  relations  of  the  new  types  of 
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peridotites  discovered  by  Mr.  Holland  and  referred  to  in  my  last  annual  report  has 
enabled  him,  in  conjunction  with  Dr.  Saise,  to  completely  describe  them  and 
to  revise  a  map  showing  the  nature  and  distribution  of  the  intrusive  rocks  in,  and 
the  crystalline  series  around,  the  coal-field  of  Giridih.^ 

The  interesting  forms  of  metamorphism  displayed  by  the  crystalline  rocks 
around  this  coal-field  having  been  found  to  result  in  the  production  of  garnets  In 
pyroxenic  type,  the  remaining  pyroxenic  rocks  of  India,  and  specially  those  of  the 
Madr&s  Presidency,  whose  presence  and  wide  distribution  in  Southern  India  were 
first  noticed  by  Mr.  Holland  in  1893,  have  been  examined  with  special  reference 
to  the  origin  of  this  mineral  which  is  so  remarkably  abundant  in  this  country.  In  a 
paper  contributed  to  the  current  number  of  the  Records  Mr.  Holland  has  traced  out 
the  development  of  the  garnets  in  these  pyroxenic  rocks^  and,  from  the  evidence 
obtained  from  widely  separated  areas  in  India,  be  concludes  that  the  reaction- 
borders  often  confused  with  Kelyphite,  and  occurring  so  frequently  associated  with 
the  garnets  of  pyroxenic  rocks,  represent  a  stage  in  the  development,  and  not,  as 
has  generally  been  supposed,  in  the  destruction  of  garnets.  Mr.  Holland  has 
contributed  another  paper  to  the  same  number  of  the  Records  in  which  he  has  from 
the  evidence  of  the  specimens  collected  by  hhnself  in  Madras  combated  the  views 
expressed  by  Mr.  Lacroix  concerning  the  nature  of  the  acicular  inclusions  giving 
rise  to  the  phenomena  of  asterism,  so  frequently  characteristic  of  Indian  gem- 
garnets. 

Amongst  the  specimens  of  interest  added  dvring  the  year  are  eight  new  mete- 
orites. 

Mr.  Holland  reports  most  aatisfactorily  on  the  work  done  during  the  year  in  the 
laboratory  and  museum  by  his  assistant,  Mr.  T.  R.  Blyth. 

The  additions  to  the  library  during  the  past  year  amount  to  1,949  volumes,  of 
which  1,149  were  acquired  by  presentation  and  800  by 
^'^^^'  purchase. 


Calcutta, 
2 hi  3 isf  January  i8gs* 


C.  L.  GRIESBACH, 
Dirtchr^  Geological  Survey  of  Indii. 
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List  of  Societies  and  other  Institutions  from  which  publications  have  been 
received  in  donation  or  exchange  for  the  Library  of  the  Geological 
Survey  of  India  during  the  year  iSg^. 

Adelaide. — Royal  Society  of  South  Australia. 
Albant,— Adirondack  Survey, 
„  New  York  State  Museum. 

Ballarat. — School  of  Mines. 
Baltimore. — Johns  Hopkins  University. 
Basel.— Naturforschende  Gesellschaft. 
Batavia.— Kon.  Natuur  Kundige  Vereeniging  in  Nederl.— Indie. 
Belfast.— Natural  History  and  Philosophical  Society. 
Berlin.— ^Deutsche  Geologische  Gesellschaft. 
K.  Preuss.  Acad,  der  Wissenschaften. 
,[        K.  Preuss.  Geologische  Landesanstalt. 
Bologna.— Reale  Accademia  delle  Scienze  deir  Istituto. 
Bombay.— Meteorological  Department,  Government  of  Bombay. 
„  Natural  History  Society. 

Bordeaux.— Soci6t6  Linn^enne  de  Bordeaux. 
Boston.— Society  of  Natural  History. 

Breslau.— Schlesische  Gesellschaft  fCir  Vaterlandischc  Cultur. 
Brisbane.— Royal  Geographical  Society  of  Australia. 

Royal  Society  of  Queensland. 
Brussels. — Academie  Royale  des  Sciences. 
Soci6t6  Beige  de  Geographic. 
"  Soci6t6  Beige    de  Geologie  de  Paleontologie  et  d'  Hy- 

drolog. 
Budapest.— K6n.  Ungarische  Geologische  Anstalt. 
Ungarlsche  National-Museum. 
Buenos  Aires.— Acad.    National   de     Ciencias    en    Cordoba    (Republica 
Argentina). 
Buffalo.— Society  of  Natural  Sciences. 

Ca£n. Soci^t6  Linn^enne  de  Normandie. 

Calcui TA.— Agricultural  and  Horticultural  Society  of  India. 
Asiatic  Society  of  Bengal. 
"  Calcutta  University. 

"  Editor,  The  Indian  and  Eastern  Engineer. 

Meteorological  Department,  Government  of  India. 
Survey  ol  India. 
Cambridge.- Philosophical  Society. 

University  of  Cambridge. 
Cambridge,  MASs.-Museum  of  Comparative  Zo6logy. 
Canada.— Hamilton  Association. 
Christiana.- Committee,  Norwegian  North  Atlantic  Expedition. 
Cincinnati.— Society  of  Natural  History. 
Copenhagen.— Academie  Royale  des  Sciences. 

Kong.  Danske  Videnskabemes  Selskab. 
Dehra  Dun.— Great  Trigonometrical  Survey. 
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Dbs  Moinss. — Iowa  Geological  Survey. 

Dijon.— Academic  des  Sciences,  Arts  et  Belles-Lettres. 
Dresden. -^Naturwissenschaftliche  Gesells.    Isis. 
Dublin. — Royal  Irish  Academy. 
Edinburgh.— Geological  Society. 

„  Royal  Scottish  Geographical  Society. 

„  Royal  Scottish  Society  of  Arts. 

Freiburg.— Naturforschende  Gesellschaft. 

Geneva. — Soci6t6  de  Physique. 
Glasgow. — Glasgow  University. 
GoTHA. — Editor,  Petermann's  Geographische  Mittheilangen. 
GdrriNGEN. — K.  Gesells.  der  Wissenschaften. 
Balle. — Naturforschende  Gesellschaft. 
„  Academia  Csesarea  Leop.-Carol.  Naturae  Curiosonim. 

KdNiGSBERG.^-Physikalisch-Okonom  ische  Gesellschaft. 
Lausanne.— Soci^te  Vaudoise  des  Sciences  Naturelles. 
LifeoE.— Soci6t^  G^ol.  de  Belgique. 
Lille.— SociA^  G^ologique  du  Nord. 
Lisbon. — Section  des  Travaux  Gtel.  du  Portugal. 
Liverpool.— Geological  Society. 
LoNDON.-*Iron  and  Steel  Institute. 
„  Linnean  Society  of  London. 

„  Royal  Geographical  Society. 

„  Royal  Institute  of  Great  Britain. 

„  Royal  Society. 

„  Society  of  Arts. 

„  .  Zodlogical  Society. 

Madrid. — Reale  Academia  de  Ciencias. 
„  Sociedad  Geografica  de  Madrid. 

Manchester,— Geological  Society. 

n  Literary  and  Philosophical  Society. 

Melbourne. — Department  of  Mines  and  Water-Supply,  Victoria. 
„  Royal  Society  of  Victoria. 

Milan.— Societi  Italiana  di  Scienz6  Naturali. 
Moscow. — Soci6t£  Imp.  des  Natur. 
Munich. — Kon.  Bayerische  Acad,  der  Wissens. 
Naples. — Reale  Academia  delle  Science  Fisicbe  e  Matematiche. 
Newcastle-upon-Tyne. — North  of  England  Institute  of  Mining  and  Mechanical 

Engineers. 
New  Haven.— Connecticut  Academy  of  Arts  and  Sciences. 

n  Editor,  American  Journal  of  Science. 

New  Yore.— Academy  of  Sciences. 

Ottawa.— Geological  and  Natural  History  Survey  of  Canada. 

»  Royal  Society. 

Oxford. — University  Museum. 
Paris.— Department  of  Mines. 

M        Editor,  Annuaire  G^ologique  Universel, 
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Paris. — Ministere  des  Travaux  Publics. 
„        Museum  d'  Histoire  Naturelle. 
„        Soci^t^  de  G6ographie. 
„        Soci^t^  G^ologiqae  de  France. 
Penzance. — Royal  Geological  Society  of  CornwaU. 
Philadelphia. — Academy  of  Natural  Sciences. 
,,  American  Philosophical  Society. 

,,  Franklin  Institute. 

„  Wagner  Free  Institute  of  Science. 

Pisa. — Societa  Toscana  di  Scienze  Natural!. 
Rio-DE- Janeiro. — Imperial  Observatory. 

Rochester. — Geological  Society  of  America. 
Rome. — Reale  Accad.  del  Scienze. 

»  ,•    Comitato  Geologico  d'  Italia. 

Sacramento.— California  State  Mining  Bureau. 
Saint  Petersburg. — ^Acad^mie  Imperiale  des  Sciences. 
n  Comit^  G^ologique. 

„  Russische  Kaiserliche  Mineralogische  Gesellschal 

Salem. — American  Association  for  the  Advancement  of  Sci 
San  Francisco.— California  Academy  of  Sciences. 

S.  Paulo. — Commissao  Geographica  e  Geologica. 
Springfield. — Illinois  State  Museum  of  Natural  History. 
Stockholm. — Kongliga  Svenska  Vetenskaps  Akadimie. 
Sydney.— Australian  Museum. 

„  Department  of  Mines  and  Agriculture,  New  South  Wales, 

„  Geological  Survey  of  New  South  Wales. 

„  Linnean  Society  of  New  South  Wales. 

M  Royal  Society  of  New  South  Wales. 

ToKio.— Deutsche  Gesellschaft  fOr  Natur  und  Volkerkunde. 
Turin.— Osservatorio  della  R.  Universita  di  Torino. 
,,  Reale  Accad.  dalle  Scienze  di  Torino. 

Upsala. — Upsala  University. 
Venice.— Reale  Istituto  Veneto  di  Scienze. 
Vienna.— K,  Akad.  der  Wissens. 

„  K.  K.  Geographische  Gesellschaft. 

,,  K.  R.  Geologische  Reichsanstalt. 

„  K.  K.  Naturhistorisches  Hof-Museum. 

Washington.-— Smithsonian  Institution. 

„  United  States  Department  of  Agriculluie. 

»i  19         »      Geological  Survey. 

»»  »>         99      Mint. 

Wellington.— Mining  Department,  New  Zealand. 
,»  New  Zealand  Institute. 

Yokohama.— Asiatic  Society  of  Japan. 

99  Seismological  Society  of  Japan. 

York.— Yorkshire  Philosophical  Society. 
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ZOrich.— ^Natnrforschende  Gesellschaft. 
The  GoTCinmeots  Of  Bengal,  Bombaj,   India,  Madras^  N.-W.  Pre^nceft 

and  Oodh»  and  the  Punjab. 
The  Chief  Commissioners  of  Assam,  Burma,  and  the  Cei»tral  Provinces. 
The  Resident,  Mjsore. 
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On  the  Acicular  inclusions  in  Indian  Gatnets.  By  THOMAS  H, 
Holland,  A.  R.  C.  S.,  F.  G.  S.,  Deputy  Superintendent,  Geological 
Survey  of  India. 

I.  Introduction. 

1.  In  his  detailed  description  of  the  rocks  collected  in  1819  hy  Leschenault  de 
la  Toot  in  the  South  of  India,  M.  A.  Lacroiz  has  figured  and  described,  in  a  basic 
pyroxenic  gneiss,  garnets  containing  acicular  inclusions  which  he  considers,  from 
their  high,  positive,  double  refraction  and  straight  extinction,  to  be  rutile.  ^  To  ihe 
arrangement  of  these  inclusions  in  systems  mutually  intersecting  at  angles  of  60° 
M.  Lacroix  ascribes  the  asterism  so  frequently  exhibited  by  Indian  garnets, 

2.  During  my  work  in  South  India  I  have  found  at  various  places  in  the  Madras 
Presidency  garnets  in  pyroxenic  rocks  of  all  degrees  of  acidity  from  granites  to 
pyroxenites.  In  the  smaller  masses  which  rise  above  the  plains  at  Pallavaram  near 
Madras,  at  Mailam  in  South  Arcot  district,  at  Wallavanad  in  Travancore  and  in  the 
Madura  district  the  garnets,  as  well  as  the  associated  constituents  of  the  rocks,  are 
often  free  of  these  inclusions,  but  the  rocks  in  the  Nilgiri  hills,  which  attain  heights 
of  8,ocx>  feet,  and  in  the  Shevaroys  of  Salem  district  are  crowded  with  minute  hair- 
like inclusions  which  appear  in  the  quartz,  felspar  and  garnet  alike,  whilst  the 
pyroxenes,  which  are  constant  constituents  throughout  the  whole  series  of  these 
rocks,  are  schillerized  with  plates  and  rods  like  those  in  the  well-known  hypersthene 
of  Fbul's  Island. 

3.  The  occurrence  of  these  hair-like  inclusions  in  an  isotropic  mineral  like 
garnet  affords  special  facilities  for  the  investigation  of  their  optical  properties. 
Whilst  their  characters  agree  in  so  many  respects  with  those  described  by  ikcroiz^ 
I  find  that  instead  of  being  referable  to  a  uniaxial  mineral  like  rutile  they  exhibit 
unmistakeable  characters  of  a  mineral  crystallizing  in  the  monoclinic  system,  and 
thus,  whilst  exhibiting  in  some  sections  extinction  parallel  to  the  long  axis  of  the 
needles  (orthopinacoidal  sections),  in  other  cases  (clinopinacoidal  sections)  extinc- 
tion angles  as  wide  as  39^  have  frequently  been  measured. 

II.  Crystallographic  disposition  of  the  Needles. 

4.  The  disposition  of  these  needles  with  reference  to  the  crystallographic  orien- 
tation of  their  host,  the  garnet,  is  of  an  extremely  interesting  nature.  Not  only  are 
the  needles  arranged  with  a  constant  relation  between  the  direction  of  their  long 
axes  and  the  forms  of  the  cubic  system  in  which  the  garnet  crystallizes,  but  the 
plane  of  symmetry,  and  consequently  the  orthopinacoidal  plane,  of  each  minute 
needle  are  arranged  in  definite  crystallographic  positions  within  the  garnet — a  cir- 
cumstance quite  in  agreement  with  the  definite  crystallographic  disposition  of  the 
products  of  schillerization  in  felspars,  pyroxenes,  olivines  and  other  minerals  which 
have  been  described  on  several  occasions  by  Professor  Judd.  I  regard  these 
needles  in  the  garnet,  and  what  are  probably  the  same  things  in  the  associated 
felspars,  pyroxenes  and  quartz,  as  secondary  in  origin  and  belonging  to  the  same 

*  BM.  d»  U  Soc.  Min,  di  Fr.^  Vol.  XII  (1889),  p.  311*  and  Fee.  CtoL  Suf9.  Ind.,  Vol. 
XXIV  (1891),  p.  176. 
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class  as  the  inclusions  which  according  16  Professor  Judd  are  the  cause  of  the  phe- 
nomena of  schillerization. 

5.  Besides  the  sections  in  which  the  acicular  inclusions  appear  to  intersect  one  an- 
other at  various  angles  I  have  found  some  which  can  be  arranged  in  three  distinct 
classes,  and  in  which  the  disposition  of  the  needles  is  capable  of  a  very  simple 
crystallographic  explanation. 

If  we  assume  the  long  axes  of  the  inclusions  to  be  parallel  to  the  long  diagonal 
of  the  rhombus  forming  the  face  of  the  rhombic  dodecahedron— the  form  in 
which  the  garnet  crystallizes— or,  which  is  the  same  thing,  parallel  to  the  solid 
edges  of  the  octahedron,  we  obtain  definite  intersections  exhibited  in  sections  cut 
parallel  to  the  octahedron,  the  cube  and  the  rhombic  dodecahedron  respectively 
as  follows : — 

(i)  In  sections  parallel  to  the  octahedron  there  are  three  sets  of  needles  lying 
in  the  plane  of  section  and  intersecting  one  another  at  angles  of  60° 
(system  a), 

(s)  Sections  parallel  to  the  cube  exhibit  two  sets  of  needles  lying  in  the 
plane  of  section  and  crossing  one  another  at  right  angles  (system  b). 
Two  other  sets  (system  c)  lying  apparently  at  45"*  to  those  belonging 
to  system  b  will  be  seen,  when  examined  with  high  powers,  to  be  lying 
oblique  to  the  plane  of  section,  and  consequently  will  as  a  rule  appear 
to  be  shorter  than  those  of  system  b,  their  maximum  length  in  faa  can 
never  exceed 

V^^  X  thickness  oj  section, 

(3}  Sections  parallel  to  the  rhombic  dodecahedron  display  two  systems 
of  inclusions.  One  system  (system  d)  lies  in  the  plane  of  section 
and  is  crossed  by  a  second  system  (system  0  ^^  ^^^  apparent  angle 
whose  tangent  is  v/2^  that  is  54^16'.  The  two  sets  of  system  # 
consequently  intersect  one  another  at  angles  of  2  X  (90°— 54*^16') «  71"^ 
28',  and  its  supplement. 

III.  Optical  orientation  of  the  Needles. 

6.  As  the  needles  are  monoclinic  in  crystallization  and  their  lateral  as  well  ss 
vertical  axes  have  a  constant  crystallographic  disposition  within  their  host  the  garnet, 
the  optical  characters  exhibited  by  these  three  classes  of  sections  are  also  different, 
and,  assuming  the  long  axis  of  each  needle  to  be  its  vertical  crystallographic  axis, 
the  positions  of  the  orthodiagonal  axis  and  the  clinopinacoidal  plane  are  easily 
determined. 

(i)  Sections  of  garnet  cut  parallel  to  the  face  of  the  cube  and  examined  be- 
tween crossed  Nicols  show  system  b  lying  in  the  plane  of  section  and 
exhibiting  an  extinction  angle  as  great  as  39^  System  r,  however, 
apparently  intersecting  these  at  an  angle  of  45°»  ^^^  seen  by  high  powers 
to  be  lying  oblique  to  the  plane  of  section,  exhibit  straight  extinction. 
Taking  the  plane  of  symmetry  to  be  the  optic  axial  plane,  as  is  usual 
in  monoclinic  minerals,  this  plane  must  be  parallel  to  the  cube  faces 
and  exhibit  the  maximum  extinction  angle. 

B 
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(a)  In  sections  parallel  to  the  octahedron  all  the  needles  (which  have  been 
referred  to  as  system  a)  are  cut  obliquely  to  the  plane  of  sym- 
metry, and  the  extinction  angle  is  consequently  somewhere  between 
zero  and  the  maximum.  Numerous  n^easitrements  made  on  these 
sections  gave  results  varying  between  i8^  and  25^ 

(3)  Sections  parallel  to  the  rhombic  dodecahedron  give  straight  extinctions  for 
system  ^,  and  oblique  extinctions  less  than  the  maximum  for  system  e, 

7.  The  monoclinic  acicular  inclusions  in  the  garnets  are  thus  arranged  as 
follows : — 

Vertical  axis  of  the  needle  parallel  to  the  edge  6f  the  octahedron  of  the  garnet, 

Orthopinaeoid  parallel  to  the  rhombic  dodecahedron. 

Clinopinacoid  parallel  to  the  cube. 

That  is  to  say,  they  are  arranged  with  their  orthopinacoidal  faces  lying  on  the 
cleavage  planes  of  the  garnet  and  with  their  long  (vertical)  axes  parallel  to  the 
long  diagonal  of  the  rhombus.  I  am  indebted  to  my  colleague  Mr.  H.  H. 
Hayden  for  having  verified  each  of  these  conclusions  in  thin  sections  of  garneti- 
ferous  pyroxenic  rocks  collected  by  myself  at  Nagaramalai,  near  Salem,  and  at 
Coonoor  in  the  Nilgiri  Hills. 

8.  Diller  has  described  what  appear  to  be  similar  inglusions  in  the  garnets  of 
a  loose  fragment  of  granulite  found  near  the  peridotite  of  Elliott  County,  Ken- 
tucky. According  to  Diller  these  inclusions  are  arranged  at  angles  of  45°  to  one 
another,  and  are  distinctly  monoclinic  with  a  maximum  extinction  angle  of  30°.^ 
If  my  conclusions  are  correct  these  inclusions  should  correspond  to  the  two  sys- 
tems of  needles  b  and  c  which  I  have  recognised  in  sections  cut  parallel  to  the 
face  of  the  cube  (para.  5). 

9.  Lacroix  states  that  the  needles  which  he  found  in  the  garnets  of  the  Salem 
pyroxenic  gneiss  show  the  positive  double  refraction  of  rutile.  I  find  on  examina- 
tion of  the  monoclinic  needles  in  my  own  specimens  with  a  quartz-wedge  that  the 
axis  of  minimum  optical  elasticity  c  lies  at  39^  to  the  vertical  crystallographic  axis 
c  ;  there  would  therefore  be  an  appearance  of  thickening  on  placing  a  quartz 
wedge  with  its  axis  parallel  to  an  orthopinacoidal  section.  The  straight  extinction 
of  such  a  section  and  its  behaviour  under  the  quartz-wedge  would  thus  agree  pre- 
cisely with  the  characters  of  a  uniaxial  positive  mineral  like  rutile  ;  but  that  the 
mineral  which  forms  these  needles  is  biaxial  is  demonstrated  beyond  all  possible 
question  by  the  very  wide  extinction-angle  and  by  the  cross-sections  which,  although 
mere  points,  show  strong  double  refraction. 

10.  I  have,  however,  found  needles  of  a  mineral  which  show  the  straight 
extinction  and  strong,  positive,  double  refraction  of  rutile  in  the  augite-diorite 
forming  the  main  mass  of  Parasnath  in  Bengal.  But  these  are  invariably  shorter 
and  form  clusters  in  the  centre  of  the  garnet  without  displaying  any  recognisable 
regularity  of  crystallographic  disposition  within  their  host.  Even  in  the  same 
section  they  are  not  likely  to  be  mistaken  for  the  monoclinic  needles  that  charac- 
terise the  garnets  in  the  Madras  pyroxenic  rocks. 

11.  According  to  Lacroix  in  hexagonal  sections  of  these  garnets  the  inclusions 
are  arranged  with  parallelism  to  the  sides  of  the  hexagon  ;  but  unfortunately  the 

>  BulL  U  S.  Gtol.  Sufv,,  No.  38  (1887),  p.  27. 
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figure  given  by  him  does  not  show  the  crystal  outlines  with  sufficient  clearness  to 
illustrate  this  state naent.  Although  as  the  result  of  my  investigations,  I  should 
not  expect  this  to  be  the  case,  I  have  never  found  a  garnet  in  the  Madras  rocks 
exhibiting  its  proper  crystalline  outlines,  and  have  consequently  been  unable  to 
make  a  direct  test  of  this  statement. 

12.  Whilst  it  is  not  possible  to  determine  with  certainty  the  species  of  mineral 
which  forms  the  inclusions  under  consideration,  their  optical  characters,  so  far  as 
they  can  be  investigated,  are  suggestive  of  those  of  sphene,  in  which  also  the  axis 
t  meets  the  vertical  crystallographic  axis  c  at  about  an  angle  of  39^,  although  of 
course  it  does  not  necessarily  follow  that  the  vertical  axis  in  this  mineral  would 
follow  the  direction  of  greatest  elongation.  A  chemical  test,  however,  made  by 
Mr.  Hayden  and  myself  showed  that  the  garnets  contain  small  though  unmistakeable 
traces  of  titanium. 

13.  The  quartz  and  felspar  which  accompany  the  garnet,  or  occur  in  the  asso- 
ciated pyroxenic  rocks  in  the  Nilgiri  and  Shevaroy  hill-masses,  are  often  crowded 
with  fine  hairs  of  a  nature  presumably  similar  to  those  occurring  in  the  garnets. 
There  seems  little  doubt  that  the  blue  colour  of  the  quartz  and  the  moonstone 
opalescene,  which  so  frequently  characterises  the  felspar  of  the  more  coarsely- 
grained  charnockites,  are  due  to  the  presence  of  these  inclusions,  whose  definite 
crystallographic  disposal  suggests  their  secondary  origin  in  common  with  the  ordi- 
nary products  of  schillerization. 

14.  It  is  not  without  interest  that  in  garnets  with  striated  faces  the  striations 
are  parallel  to  the  longer  diagonal  of  the  rhomb  faces,  which  I  have  shown  to  be 
the  position  of  the  hair-like  inclusions,  and  according  to  Descloizeaux  asterism  has 
generally  been  observed  in  garnets  having  such  striated  faces.  There  seems  little 
doubt,  as  Lacroix  suggests,  that  the  asterism  exhibited  by  some  Indian  garnets  is 
due  to  the  fine  hair-like  inclusions  which  exhibit  such  a  perfectly  symmetrical  dis. 
position  not  only  of  the  long  axes  but  also  of  the  lateral  axes  of  crystals  so  minute 
that  their  cross-sections,  even  with  high  powers,  appear  as  mere  points  of  light  in 
the  isotropic  ground-mass  of  their  host  .the  garnet.  I  can  recollect  no  prettier  illus- 
tration of  Professor  Judd's  generalization  concerning  the  secondary  changes 
brought  about  by  agents  of  statical  metamorphism  acting  on  the  minerals  of  deep- 
seated  rocks  and  giving  rise  to  the  phenomena  which  he  has  described  under  the 
name  of  schillerization. 

Conclusion. 

15.  The  hair-like  inclusions  which  give  rise  to  the  phenomena  of  asterisjn 
in  Indian  garnets  are  not  rutile  as  stated  by  Lacroix,  but  are  monoclinic  in 
crystallization,  exhibit  a  high  double  refraction  and  show  an  extinction  angle  as 
wide  as  39°  {the)  to  the  long  axes  of  the  needles.  They  are  arranged  with 
remarkable  regularity  of  crystallographic  disposition  within  their  host  the  garnet, 
having  their  long  axes  parallel  to  the  edge  of  the  octahedron,  their  orthopkiacoidal 
faces  parallel  to  the  face  of  the  rhombic  dodecahedron  and  their  clinopinacoids 
parallel  to  the  cube.  They  are  considered  to  be  secondary  in  origin  along  with 
the  similar  hair-like  inclusions  which  give  rise  to  the  phenomena  of  schillerization 
in  the  associated  blue  quartz,  moonstone  and  hypersthene  of  the  pyroxenic  rocks 
in  which  the  garnets  occur. 

B  a 
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A.  THE  ORIGIN  AND  GROWTH  OF  GARNETS. 

I.— Introduction. 

1.  Garnets  occur  in  rocks  of  every  degree  of  acidity  from  granites  to  peridotites, 
and  the  ordinary  iron-alumina  garnet  is  well-known  as  one  of  the  commonest 
amongst  the  products  of  the  contact-metamorphism  of  aluminous  rocks.  Whilst 
its  secondiry  origin  can  be  so  easily  proved  in  the  slates  and  schists  which  have 
been  changed  by  proximity  to  igneous  intrusions,  the  origin  of  garnet  when  a  con- 
stituent of  igneous  rocks  and  of  the  crystalline  types  generally  cannot  always  be  so 
satisfactorily  determined.  As  a  rule,  it  is  impossible  to  settle  from  the  rock  speci- 
men per  se  whether  the  garnet  is  a  primary  or  a  secondary  constituent ;  but  from 
its  more  frequent  occurrence  in  the  gneissose  crystallines  than  in  rocks  of*  massive 
habit,  it  is  more  generally  groui.ed — though  seldom  with  better  reason  than  ana- 
logy— amongst  the  constituents  of  secondary  origin. 

2,  The  very  prevalent  occurrence  of  garnets  amongst  the  pyroxenic  granulites 
of  South  India,  to  which  I  have  p.iid  considerable  attention  during  the  last  four 
years,  has  led  me  to  make  a  more  widely  extended  investigation  amongst  tde 
garnetiferous  rocks  of  this  country  with  a  view  to  obtaining  more  exact  evidence 
concerning:  the  origin  of  this  mineral.  I  have  considered  this  investigation  the 
more  necessary  on  account  of  the  fact  that  Dr.  J.  Lehmann,  in  his  classical  work 
Die  Entsiehung  der  allkrysldllinischen  Schieftrgtttiine^  has   recorded  the  freqaeat 
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occurrence  of  garnet  in  the  pyroxene-granulites  of  Saxony,  which  appear  in  many 
respects  to  closely  resemble  the  Madras  series.  But  whereas  Dr.  Lehmann  con- 
siders the  garnet,  where  it  is  surrounded  with  reaction-borders  resemblingSchrauf's 
kelyphite,  to  be  passing  into  pyroxene,  I  have  been  led  to  a  totally  different 
conclusion  with  regard  to  the  pyroxenic  rocks  which  I  have  studied  in  India,  and 
in  which  reaction-borders,  apparently  quite  similar  in  character,  are  frequently  found 
between  the  pyroxene  and  garnet.  These,  it  seems  to  me,  afford,  so  far  as  the 
Indian  rocks  are  concerned,  most  decisive  evidence  in  favour  of  regarding  the 
garnets  as  secondary  in  origin  and  derived  from  the  pyroxene  which  was  amongst 
the  original  constituents  of  the  rock. 

3.  That  this  conclusion  is  capable  of  wider  $ipplication  cannot  of  course  be 
claimed,  but  it  seems  to  me  that  in  many  cases  where  reaction-borders  around 
garnets  have  been  described,  the  precise  evidence  concerning  the  direction  of  the 
change  might  have  been  studied  with  advantage.  The  mere  fact  that  the  pro- 
portionate area  of  garnet  core  and  reaciion^border  varies  from  cases  in  which  the 
border  is  proportionately  narrow  to  those  in  which  the  garnet  forms  merely  a  small 
nucleus,  or  even  totally  disappears,  is  no  proof  whatever  that  the  reaction-border  is 
formed  at  the  expense  of  the  garnet.  As  the  garnets  are  most  irregular  in  shape 
every  one  of  these  stages  might  be  obtained  by  sections  through  the  centre,  near 
the  surface,  or  along  a  flat  face  of  the«crystal  which  is  so  surrounded  by  a  reaction- 
sone. 

4.  It  should  also  be  understood  that  these  conclusions  have  no  bearing  whatever 
on  previously-stated  views  concerning  the  nature  of  the  kelyphite  rims  which 
surround  the  pyropes  described  in  many  peridotites,  nor  has  it  necessarily  any 
connection  with  the  evidence  obtained  from  the  Saxon  pyroxenic  rocks;  but  as 
I  find  it  necessary  to  consider  the  garnets  of  secondary  origin  in  all  the  pyroxenic 
rocks  which  I  have  so  far  studied  in  India,  it  may  be  advisable  to  state  in  detail 
the  steps  by  which  I  have  been  led  to  this  conclasion,  the  more  so  because  the 
processes  by  which  pyroxenes  are  converted  into  garnets  seem  to  have  been  des- 
cribed, so  far  as  I  cin  find,  in  one  case  only.  Brauns  in  1888  described  the  formation 
of  a  lime-iron  garnet  in  the  palaeopicrite  of  Bottenhorn  as  an  alteration  form  of 
augite  in  which  chemical  analys'-s  indicated  a  removal  of  alumina.^  Beside  this 
the  literature  at  my  disposal  in  Calcutta  has  not  revealed  a  single  case  of  a  garnet 
formed  from  pyroxene,  although  the  contrary  has  been  asserted  in  more  than  one 
instance. 

5.  The  evidence  obtained  from  the  same  material  also  offers  a  very  simple  ex- 
planation of  the  origin  of  the  micropegmatitic  inter^rowths  of  garnet  with  such 
white  minerals  as  quartz  and  felspar.  The  micropegnaiitic  structure  is  conse- 
quently in  these  instances  considered  to  be  of  secondary  origin. 

II. — The  Reaction-borders  of  Garnets. 

6.  The  fibrous  zones  which  surround  the  pyrope  in  olivine-rocks  were  first 
described  by  Schrauf  as  a  primary  constituent  of  pyrogenic  origin  to  which  he  gave 
the  name  kelyphUt}  but  von  LasauU  showed  that  these  borders  are  in  some  cases^ 

«  ZHUehr.  d.  rf.  gecl.  Get.,  Vol.  XL  (1888),  p.  475. 

»  ZeiUekuf,  Kryst.,  Vol  Vi  (1889),  pp.  333  "d  358;   also  Neues  Jahfh.  /.  iiin^  i8ft4 
01),  p-  flt. 
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mixtures  of  different  minerals,  generally  members  of  the  pyroxene-amphibole  group 
and  of  secondary  origin.^  Becke  found  similar  borders  around  the  garnet  of 
Steineck  composed  of  pi cotite  and  several  members  of  the  pyroxene-amphibole 
group.'  Dillei  found  the  pyropes  in  the  Elliott  County  peridotite  composed 
largely  of  biotite,*  whilst  von  Camerlander  described  in  the  granulites  of  Prachatitz 
a  micropegmatitic  intergrowth  of  augite  and  plagioclase  forming  a  border  around 
garnet.^ 

7.  Seeing  kelyphite  has  been  found  to  be  a  mixture  of  minerals  so  variable  in 
composition,  and  especially  as  in  all  cases  described  it  has  been  regarded  as  a  pro- 
duct of  the  destruction  of  garnet  by  reaction  with  olivine  or  pyroxene,  either  during 
or  subsequent  to  consolidation,  I  shall  avoid  altogether  the  use  of  the  term  in  con- 
Aection  with  the  fibrous  zones  which  surround  the  garnets  in  the  cases  about  to  be 
described,  for  these  I  consider  to  represent  the  products  not  of  destruction  but  a 
stage  in  the  development  of  the  garnets  with  which  they  are  associated.  They  will 
be  referred  to  therefore  merely  as  reactton-horders. 

8.  Lacroix  has  described  radiate  zones  composed  of  micropegmatitic  inter- 
growths  of  hornblende  and  felspar  around  garnets  in  an  eclogite  from  Gerscao-en- 
Plounevez,  Finisterre.^  He  has  also  figured  and  described  a  radiate  fringe  around 
garnets  in  a  pyroxenic  rock  from  the  Salem  district,*  but  has  offered  bo  explanation 
of  the  origin  of  the  phenomena  in  these  cases. 

9.  The  reaction-borders  measure  about  '04  mm.  across  and  are  composed  of  two 
distinct  layers,  an  inner  (garnet  side)  layer  of  colourless  mineral  in  which  clavulate  and 
vermiform  pieces  of  a  pale  green  actinolite  are  arranged  approximately  perpendi- 
cular to  the  garnet  surface,  giving  with  the  low  powers  an  appearance  of  radiate 
fibrous  structure.  The  colourless  mineral  with  crossed  nicols  shows  colours  about 
equal  to  those  of  the  felspars  in  the  same  sections,  and  display  lamellar  twinning 
bands.  The  outer  zone  consists  of  a  narrow  band  of  magnetite-granules  forming  a 
toargin  to  the  pyroxene. 

Ill,— The  rogks  in  which  the  garnets  occur. 

10.  The  specimens  which  it  is  proposed  to  select  as  examples  for  the  study  0! 
the  origin  and  growth  of  garnets  have  been  obtained  in  two  principal  areas  separat- 
ed from  one  another  by  distances  of  at  least  700  miles. 

The  first  group  of  rocks  occurs  as  large  dykes  and  bosses  of  diorites  attiongst 
the  gneisses  and  schists  of  Chota  Nagpore  and  the  Sonthal  Pergunnahs  in  Bengal. 
These  rocks  by  their  resistance  to  agents  of  denudation  are  conspicuous  as  hummocks 
and  even  high  hills  in  the  neighbourhood  of  our  coal-fields.  As  they  can  often  be 
traced  up  to  the  boundary  faults,  but  are  never  intruded  into  the  stratified  rocks  of 
Lower  Gondwana  age  within  the  field,  it  is  presumed  that  they  are  older  than  the 
deposits  of  that  system.  In  nearly  all  cases  which  I  have  examined,  these  can  be 
shown  to  have  been  derived  from  original  pyroxene-plagioclase  rocks,  which  show 

'  SiiMungsb'r.  der  Niederrhein.  Get.f.  Naiur  und  Heilkundt,  3rd  July,  i88a. 
«  Tachiftnak's  min.  u.petr.  Mitt.,  Vol.  IV  (1882),  p.  324. 

•  Bull   U,  S.  GeoL  Sufvey.  No.  38  (1887),  p.  15. 

•  yahrb.  d.  k  k.geol.  Reiehanstalt,  Vol.  XXXVII  (1887),  p,  133. 
»  Bull,  de  la  Soc,  Min,  de  Ft,,  Vol.  XII  (1889),  p.  142. 

•  Ibid.^  p.  322 ;  also  Ree,  GtoU  Surv.  Ind.,  Vol.  XXIV  (1891),  p.  183. 
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a  strong  family  likeness  in  the  field  and  apparently  belong  to  a  petrographical 
province  of  pre-Gondwana  age.  A  closer  examination  reveals  some  very  interesting 
differences  in  the  changes  which  they  have  su£Fered  by  the  various  agents  of  meta- 
morphism. 

The  dynamical  metamoiphism  to  which  some  of  these  rocks  have  been  subject- 
ed has  resulted  in  the  production  of  well-foliated  epidiorites  and  hornblende-schists. 
In  others,  where  earth. movements  have  been  pieceded  by  the  production  of  sodic 
chloride  inclusions  along  the  twin-planes  of  the  felspar,  scapolite  is  conspicuous 
amongst  the  new  minerals  ;^  but  those  in  which  garnets  have  developed  show  slighter, 
though  decided,  signs  only  of  deformation  by  dynamical  agencies.  To  this  last 
mentioned  group  belong  some  dykes  at  Mongrodih  near  Giridih,  some  rocks  collected 
by  the  late  Mr.  Fedden  in  the  Ijri  valley  of  Manbhdm,  and  the  main  mass  of 
Parasnath,  a  sacred  hill  rising  to  a  height  of  4*479  feet  on  the  borders  of  the 
Hazaribagh  and  Manbhdm  districts. 

11.  The  second  group  of  rocks  forms  the  great  hill-masses  of  the  Madras  Pre- 
sidency  ^the  Nilgiris,  Shevaroys,  Palnis,  Anaimalais,  Western  Ghats  and  Cape 

Comorin.  These  rocks,  although  varying  so  widely  in  silica  percentage  from  acid 
granites  to  pyroxenites  and  even  peridotites,  present  a  most  remarkable  and  unmis- 
takeable  family  likeness  in  the  field. 

Microscopic  examination  shows  that  without  a  single  exception  the  unaltered 
forms  are  characterized  by  the  presence  of  a  rhombic  pyroxene  approaching  hy- 
persthene  in  composition,  which  may  occur  in  very  small  proportions,  as  in  char- 
nockite,  or  may  make  up  almost  the  entire  rock,  as  in  some  pyroxenites.  The  hy- 
persthene  may  be  the  sole  representative  of  the  group  of  ferro-magnesian  silicates, 
or  it  may  be  accompanied  by  augite,  hornblende,  biotite,  graphite  and  garnet.  Some- 
times it  is  replaced  entirely  by  garnet  in  rocks  which  I  hope  to  show  are  beyond 
question  altered  forms  of  the  pyroxenic  series. 

IV. — Evidences  of  the  growth  of  garnet. 

12.  The  special  features  in  the  structure  of  these  rocks  which  appear  to  corro- 
borate one  another  in  the  evidence  they  offer  in  favour  of  the  growth  of  garnet  at 
the  expense  of  the  pyroxenic  constituent,  may  be  considered  under  the  following 
heads : — 

(i)  Limitation  of  the  reaction-borders. 

(2)  Uralitization  (amphibolization)  of  the  pyroxenes  near  the  garnets, 

(3)  Schillerization  of  the  pyroxenes. 

(4)  Parallel  grrowth  of  adjacent  garnet  crystals. 

(5)  Field  relations  of  the  pyroxenic  and  garoetiferous  rocks. 

(6)  Chemical  changes  involved  in  the  formation  of  garnet. 

/.  Limitation  of  the  Reaction-borders, 

13.  The  reaction-border  appears  wherever  the  garnet  meets  the  pyroxene  or, 
more  strictly  speaking,  its  paramorph  hornblende,  but  there  is  not  a.  trace  of  it 
where  the  garnet  comes  in  contact  with  felspar  or  quartz.  This  of  course  only 
shows  that  there  is  some  kind  of  reaction  between  the  garnet  and  the  pyroxene ; 

1  See  Holland  and  Salse.  *<0n  the  Igneous  Rocks  of  the  Giridih  (Kurhurbaree)  Coal« 
fi^d  and  their  Contact  Effects."    Rtt.  Ceol.  Surw.  Ind,,  Vol.  XXVIII  (i^S),  p.  lai. 
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but  the  fact  that  opposite  the  pyroxene  the  garnet  bulges  out  to  meet  the  latter  is 
a  circumstance  which  would  naturally  be  expected  if  we  regard  the  pyroxene  as  the 
source  of  the  garnet  material. 

Fig.  I  illustrates  a  case  in  which  the  garnet,  fringed  by  a  reaction-border,  bellies 
out  in  this  manner  opposite  the  pyroxene,  whilst  colourless  felspar  fills  a  bay  in  the 
garnet,  which  at  this  point  is  without  a  reaction-border.  This  case  will  be  referred  to 
again  in  describing  the  origin  of  the  micropegmatitic  intergrowth  of  garnet  and  felspar* 

^.  Uralitiaation  [Amphibolieation)  of  the  Pyroxines  near  the  Garnets. 

14.  The  formation  of  these  reaction-borders  between  the  garnet  and  pyroxenes 
seems  to  be  always  accompanied  by  the  formation  of  hornblende,  which  lies 
between  the  unaltered  augite  and  the  reaction-zone,  and  which  seems  to  be  a  preli- 
minary change  in  the  augite  necessary  to  the  development  of  the  garnet.  In  parts  of 
the  rock  free  of  garnets  the  augites  show  the  characteristic  signs  of  incipient  uralitiza- 
tion  in  the  form  of  green  pleochroic  patches.  This  conclusion  is  further  supported 
by  the  fact  that  occasionally  pale  green  augites,  which  do  not  show  the  slightest  sign 
of  amphibolization,  abut  against  the  garnet  without  a  trace  of  a  reaction-border. 

If  the  opposite  change — that  is  the  formation  of  pyroxene  from  garnet- 
were  in  progress,  ^e  should  have  in  this  instance  a  case  of  the  formation  of  horn- 
blende from  garnet  followed  by  the  transformation  of  the  former  mineral  into  augite 
— a  change  under  the  circumstances  quite  contrary  to  experience.  The  alteration 
of  the  pyroxene  near  the  garnets  is  only  an  advanced  stage  of  that  which  is  seen  to 
be  commencing  in  nearly  all  the  augites  and  is  a  case  of  ordinary  amphibolization. 
That  such  is  the  real  direction  of  change  is  even  more  clearly  demonstrated  by 
the  next  point  of  evidence. 

(3)   Schiller iza tion  of  the  Pyroxenes. 

15.  The  original  augite,  in  the  rocks  for  instance  fromTarasnath  and  the  Ijrf 
valley,  are  darkened,  often  almost  blackened,  with  minute  rods  and  plates  regularly 
arranged  as  in  diallage  and  forming  an  ordinary  example  of  schillerization,  whilst 
the  hornblende,  which  has  been  derived  from  this  augite,  is  free  of  such  inclusions. 
The  schillerization  of  the  ferromagnesian  constituent  must,  therefore,  have  occurred 
before  its  amphibolization^  and  as  the  amphibolization  appears  to  be  a  constant 
accompaniment  of,  and  probably  an  essential  preliminary  to,  the  development  of  the 
garnet,  the  schillerization  must  have  occurred  also  before  the  formation  of  the  latter 
mineral.  If  the  opposite  change  had  occurred  we  should  have  a  case  of  the  trans^r 
formation  of  garnet  into  a  clear  green  hornblende,  followed  by  the  change  of  green 
hornblende  into  schillerized  augite.  In  view  of  Professor  Judd's  explanation  of 
the  phenomena  of  schillerization  such  an  alternative  explanation  of  the  facts  may 
be  safely  rejected  without  further  discussion.  There  is  no  doubt  that  the  amphiboli- 
zation of  the  schillerized  augite  is  accompanied  by  the  absorption  of  the  secondary 
ferruginous  products,  the  iron  of  which  enters  into  the  composition  of  the  horn* 
blende,  and  then  of  the  final  product,  garnet. 

The  reUtive  positions  of  the  minerals  in  the  rock  are  thus— 

Schilhtimfd    I    Char  gr^en     |       R^aeiion  I    q^^^^^ 

Augite.        I     Hurnbhnde.    \        hordtr. 
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(4)  Parallel  growth  of  adjacent  Garnet-crystals, 

16.  In  the  Manbhdm  rocks  the  large  garnets  are  clear  and  pink  in  their  centres^ 
bat  towards  the  margin,  where  they  approach  the  ferromagnesian  mineral, 
numerous  vermiform,  radially-arranged  cavities  destroy  the  transparency  of  their 
selvages.  Beyond — that  is,  outside— these  zones  of  cavities  the  crystal-outlines  of 
the  garnet  can  be  traced,  and  these  by  repeated  alternation  of  forms  give  rise  to 
saw-like  outlines  like  those  which  characterize  a  section  of  "Babel"  quartz. 
Beyond  this  crystal-outline  there  is  a  zone  of .  felspar  and  vermiform  actinolite 
which  often  penetrates  the  crystal  limits  and  communicates  with  the  vermiform 
Cavities  forming  the  zone  immediately  inside  the  faces  of  the  garnets.  It  is  evid- 
ently along  this  zone  that  the  change  is  proceeding. 

Here  and  there  clusters  of  minute  garnets  are  to  be  seen  which  offer  equally 
instructive  evidence.  These  are  often  so  small  that  they  are  darkened  throughout 
by  the  vermiform  cavities  and  indeed  in  many  cases  are  but  imperfect  rhombic 
dodecahedral  clearings  in  the  hornblendic  material,  but  in  which  with  the  higher 
powers  of  the  miscroscope  it  is  not  difficult  to  pick  out  the  isotropic  garnet  from 
the  imperfectly  clearei  dirt  and  cavities.  From  this  stage,  as  the  clear  central  area 
enlarges  and  shows  the  garnet  pink  colour,  we  can  trace  every  gradation  up  to  the 
largest  crystals  in  which  this  selvage  only  covers  a  small  fraction  of  the  total  area  0! 
the  section.  It  is  clear  that  as  growth  proceeds  the  proximal  ends  of  the  vermiform 
cavities  are  gradually  obliterated  by  deposition  of  garnet  substance  in  crystallo- 
graphic  continuity  with  the  skeleton,  and  so  the  central  area  grows  simultaneously 
with  the  extension  of  the  crystal  borders  amongst  the  hornblendic  material  around. 

Wherever  the  garnet  comes  into  contact  with  felspar  instead  of  a  ferro-magnesian 
mineral,  there  is  no  such  development  of  crystal-form  nor  is  there  a  zone  of  vermi- 
form cavities  :  the  clear  pink  garnet  is  simply  moulded  on  to  the  older  felspar.  It 
is  only  opposite  the  pyroxene— that  is  where  growth  can  proceed  without  interrup- 
tion—that the  crystal-outlines  occur.  If  the  reaction-zones  represented  decom 
position  of  the  garnet  we  should  naturally  expect  irregular  corrosion  of  the  crystal, 
whereas  we  have  well- shaped  crystals  and  this  only  where  the  reaction-borders  occurl 
Wherever  patches  of  small  younj?  garnets  are  found  growing  around  isolated 
centres,  it  is  frequently  found  that  several  of  them  may  devclope  with  cryslallo- 
graphic  parallelism  and  on  meeting  form  one  large  crystal.  This  interesting  occur- 
rence is  more  strikingly  exemplified  by  patches  of  small  ciystals  which  form  in  the 
neighbourhood  of  a  large  one  with  their  faces  parallel  to  those  of  the  large  crystal 
and  consequently  to  one  another  (Fig.  3). 

17.  The  parallel  growth  of  these  minute  crystals  around  the  larger  and  probably 
older  individuals  forms  a  very  pretty  illustration  of  the  influence  a  crystal  exerts 
beyond  the  limits  of  its  own  faces.  In  a  case  where  free  movement  of  the  material 
is  possible,  as  in  molten  material,  the  surrounding  magma  is  impoverished  by 
removal  of  the  crystallizing  substance,  and  in  this  way  we  get  in  the  tachylytes  a 
clear  zone  of  glass  around  each  magnetite-crystul,  whilst  beyond  this  zone  the  glass 
is  darkened  by  magnetite-dust.  The  pink  film  around  the  growing  cobalt-chloride 
crystals  in  a  blue  solution  of  the  salt  forms  a  still  more  striking  illustration  of  what 
O.  Lehmann  calls  der  Hof  des  Krystalles} 

When  crystal-growth  Ukes  place  after  the  consolidation  of  the  substance  and  as 
>  Ziiisehr.f.  Krr$i.,  Vol  I,  p.  99. 
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a  secondary  change,  tb«  "  sphere  "  of  the  crystal  influence  is  indicated,  as  might 
be  expected,  not  by  removal  of  material,  but  by  parallel  development  from  isolated 
centres  confined  to  fairly  well-defined  limits  around  the  central  crystal,  as  exem- 
plified by  the  beautiful  instances  of  garnets  in  the  Manbhdm  pyroxenic  rock. 

1 8.  The  growth  of  garnets  in  these  pyroxenic  rocks  which  show  no  signs  of 
exposure  to  extreme  temperatures  since  their  primary  consolidation,  is  comparable 
to  the  welUknown  secondary  enlargements  of  such  minerals  as  hornblende  (Becke, 
Van  Hise,  Haiker,  Bonney),  augite  (Van  Hise,  Merrill),  plagioclase-felspar  0**^^) 
and  orthoclase  (Haworth,  Holland). 

(5)  Field  relations  of  the  Pyroxenic  and  Garnetiferous  rocks. 

19.  One  of  the  most  mteresting  types  of  the  South  Indian  pyroxenic  rocks  is  a 
granite  composed  essentially  of  quartz,  orthoclase  largely  in  the  form  of  microcline, 
hypersthene,  and  always  considerable  quantities  of  opaque  iron-oxides.  This  rock 
which  possesses  a  striking  individuality  both  in  the  field  and  under  the  microscope, 
I  have  described  elsewhere  under  the  name  of  charnockite}  As  a  rule  it  is  com- 
pact and  brittle  with  a  very  characteristic  dark  grey  or  green  clour ;  but  near  its 
junctions  with  the  norite,  with  which  it  is  always  associated,  it  changes  very  rapidly, 
almost  suddenly,  to  a  dirty  white  colour,  becomes  granular  in  structure,  crushes 
easily  under  the  hammer,  shows  a  slight  but  distinct  foliation,  and  is  seen  then  to 
be  sprinkled  with  garnets. 

Under  the  microscope  these  changes  in  macroscopic  characters  are  seen  to  be 
accompanied  by  corresponding  changes  in  microscopic  structure.  Instead  of  the 
perfect  granitic  structure  which  characterises  the  unaltered  rock,  the  weaker  minerals 
are  seen  to  be  crushed  and  surrounded  with  selvages  of  mylonite,  whilst  the  quartz- 
crystals  show  very  marked  "  undulose  '*  extinctions  which  invariably  characterise 
rocks  subjected  to  pressure. 

But  that  this  is  an  altered  form  of  eharnockite  there  would  be  little  doubt  even 
if  the  fact  could  not  be  demonstrated  beyond  question  in  the  field.  The  quartz, 
microcline  and  black  iron-ores  are  recognisable  in  precisely  the  same  proportions, 
but  instead  of  hypersthene  there  are  irregularly-shaped,  pink  garnets,  which  bear  to 
the  rest  of  the  rock  a  proportion,  so  far  as  determinable  by  sections,  identical  with 
that  of  the  original  hypersthene.  That  the  garnets  in  this  case  have  been  formed 
from  the  hypersthene  as  one  among  the  unmistakeable  results  of  the  metamorphism 
of  eharnockite  there  can  be  no  question.  Examples  of  this  kind  are  most  beauti- 
fully illustrated  in  the  low  hills  immediately  east  of  the  railway  station  at  Pallavaram 
near  Madras,  and  at  Coonoor  in  the  Nilgiri  hills. 

Simultaneous  with  the  appearance  of  a  granulitic  structure  and  other  signs  of 
pressure,  the  hypersthene  has  given  place  to  pink  garnet.  A  similar  association 
has  been  recorded  by  Mr.  Teall  in  the  gneissose  granite  of  Beinn  Vuroch,  where  the 
ordinary  granite  differs  from  the  gneissose  forms  in  the  presence  of  garnet  accom. 
panied  by  a  granulitic  structure  in  the  latter  varieties.* 

I  have  recently  traced  up  a  dyke  near  Kidgeree,  in  the  Hazaribigh  district,  from 
a  compact  pyroxenic  type  to  a  foliated  garnetiferous  one  in  which  the  pyroxene  has 
completely  disappeared. 

*  Journ.  As.  Soc.  B^ng,,  Vol.  LXII  (1893),  p.  16a. 
«  Brit.  Petrography  (188S),  p,  386. 
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6.    Chemical  changes  involved  in  the  formation  of  Garnets 

20.  It  would  of  course  be  extremely  interesting  to  trace  the  precise  chemical 
changes  which  accompany  the  transformation  of  pyroxene  into  garnet ;  but  the 
latter  mineral  is  so  intergrown  with  felspar  and  crowded  with  inclusions  that  separa- 
tion of  sufficient  clean  material  for  chemical  analysis  was  found  to  be  impractic- 
able. 

21.  There  is  no  doubt,  however,  that  the  change  is  not  a  simple  paramorphic  one. 
The  garnet  contains  less  silica  and  probably  a  smaller  proportion  of  lime  and  alumina 
than  the  pyroxene  from  which  it  is  derived.  The  excess  of  silica  combines  with 
the  alumina,  lime  and  small  quantities  of  alkalies  present  in  the  pyroxene  to  form 
the  plagioclase  felspar  which  is  so  frequently  intergrown  in  a  pegmatoidal  manner 
with  the  garnet.  The  chemical  constituents  of  the  pyroxene  are  thus  re-arranged 
to  form  two  minerals— one  more  basic  and  the  other  more  siliceous  than  the  original. 
As  the  more  garnetiferous  portions  of  the  slides  invariably  contain  more  felspar 
than  the  portions  where  the  pyroxene  has  suffered  no  change,  the  microscopic 
evidence  confirms  this  conclusion. 

22.  Another  microscopic  character  which  has  a  direct  bearing  on  the  chemical 
question  is  the  depth  of  colour  of  the  garnets.  In  the  Madras  rocks  the  colour  of 
the  pink  garnet  is  most  strikingly  similar  to  the  pink  of  the  highly  pleochroic 
hypersthenes  in  the  same  slide,  so  much  so  that  without  moving  the  polariser 
sections  of  the  latter  mineral  might  very  easily  be  mistaken  for  garnets.  In  some 
quartz-biotite-norites  from  Isa  Pallavaram,  near  Madras,  the  iron  seems  to  have  been 
principally  used  up  by  the  biotite,  whilst  the  rhombic  pyroxene  and  the  associated 
garnet  too  are  almost  colourless.  The  more  basic  rocks,  approaching  pyroxenites  in 
composition,  from  Nagaramalai,  in  the  Salem  district,  contain,  on  the  other  handf 
highly-pleochroic  hypersthenes  with  deep  pink  or  even  red  garnets.  Some  of  the 
rocks  of  the  Nilgiris  also  contain  deeply-coloured  garnets  associated  with  highly 
pleochroic  rhombic  pyroxenes  that  approach  amblystegite  in  composition.  As  the 
pink  colour  of  the  garnets  and  the  intense  pleochroism  of  hypersthenes  are  depend- 
ent,  though  not  in  direct  proportion  of  course,  on  the  percentage  of  iron  present, 
this  simultaneous  increase  of  intensity  of  colour  would  naturally  be  expected. 

23.  The  facts  cited  under  this  head  do  not  prove  the  direction  of  the  chemical 
changes  which  have  taken  place  amongst  the  rock-constituents,  but  as  they  indicate 
a  constant  chemical  relation  between  the  pyroxene  and  the  garnet  in  the  same  rock» 
they  are  so  far  in  agreement  with  the  previously-stated  evidence. 

B.— MICROPEGMATITIC  INTERGROWTHS    OF  GARNET  WITH 

OTHER  MINERALS. 

24.  The  structure  produced  by  the  intergrowth  of  quartz  and  felspar  in  graphic 
granite  has,  since  its  first  description  on  a  microscopic  scale  by  Zirkel  in  1871 
been  known  under  such  names  as  micropegmatitic  (Michel-L^vy),  granophyric 
(Rosenbusch)  and  implication -structure  (Zirkel),  whilst  special  types  of  it  are 
known  as  ocellar  structure  (Fischer),  centric  structure  (Becke),  and  pseado* 
spherolithic  structure  (Rosenbusch). 

Although  the  most  common  example  of  these  struetures  is  produced  by  the 
mtergrowth  of  quartz  and  felspar,  other  minerals  are  found  mutually  entangled  in  a 
precisely  similar  manner. 
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25.  Becke  has  mentioned  cases  of  a  micropegmatitic  intergrowth  of  garnet  and 
felspar  in  augite  gneiss,*  and  Lacroix  has  described  and  figured  a  similar  inter- 
growth of  garnet  and  quartz  in  one  of  the  pyroxenic  rocks  of  Ceylon.*  Heddle 
has  mentioned  the  occurrence  of  quartz-inclusions  in  garnet  giving  apparently  a 
similar  structure.' 

26.  The  commonest  examples  of  the  structure,  namely,  those  produced  by  the 
intergrowth  of  quartz  and  felspar,  have  generally  been  considered  to  have  originated 
during  the  primary  consolidation  of  the  rock  by  simultaneous  crystallization  of 
quartz  and  felspar  in  the  proportions  of  an  eutectic  mixture.* 

27.  But  in  1883  Irving  suggested  the  secondary  origin  of  the  quartz  in 
the  micropegmatitic  structures  of  some  granites  and  augite-syenites  near  Lake 
Superior.*  Professor  Judd  showed  the  secondary  origin  of  the  quartz  in  similar 
structures  and  associated  with  the  felspars  of  some  Mull  and  Portsoy  gabbros.* 
In  1889  the  same  author  produced  further  evidence  in  support  of  his  original 
conclusion  and  showed  the  connection  between  these  structures  and  the  secondary 
growth  of  minerals  in  igneous  rocks  after  their  consolidation.^  Further  examples 
of  the  same  structure,  considered  to  be  connected  with  the  secondary  silicification 
of  rocks,  have  been  described  by  Miss  Raisin  in  some  nodular  felstones  of  the 
Lleyn  in  Wales,®  and  by  myself  in  some  rhyolites  from  Korea  • 

38.  The  pyroxenic  rocks  of  Chota  Nagpore,  in  which  I  have  just  described  the 
growth  of  garnets,  afford  most  striking  cases  of  micropegmatitic  intergrowths  of 
garnet  with  plagioclase,  and  less  often  with  quartz,  about  the  secondary  origin  of 
which  there  seems  to  me  little  rocm  for  doubt.  These  intergrowths  are  moreover, 
as  in  the  examples  mentioned  by  Professor  Judd,  directly  dependent  on  the  en- 
largement of  the  minerals  after  the  primary  consolidation  of  the  rocks  (Fig.  4). 

29.  It  has  already  been  mentioned  that  numerous  small  garnets  are  found 
springing  up  in  the  vicinity  of  larger  masses,  sometimes  isolated  and  sometimes  in 
clusters.  Now,  wherever  patches  of  these  small  garnets  are  found  the  isolated  crys- 
tals grow,  as  already  described,  with  cry  stall  ographic  parallelism  to  one  another 
(para.  16).  The  bearing  of  this  fact  on  the  origin  of  the  micropegmatitic  structure 
is  obvious ;  the  growth  from  isolated  centres  continues  until  the  crystals,  already  in 
parallel  groupings,  meet  and  join  as  one.  whilst  the  felspar,  formed  as  a  by-product 
in  the  decomposition  of  the  pyroxene  and  growing  at  irregular  intervals,  becomes 
enveloped  in  a  continuous  framework  of  garnet. 

30.  It  has  already  been  remarked,  too,  that  the  so-called  reaction-borders 
appear  only  between  the  garnet  and  the  ferromagnesian  constituent  undergoing 
change,  whilst  the  former  mineral  shows  a  very  definite  and  simple  outline  where  it 

I  TtehermaVs   min,  und  petr,  Mitth.,  Vol.  IV.  (1882),  p.  406. 

>  Btdl,  de  la  Soc,  MU,  dt  Ft ^  Vol.  Xtl  (1889),  p.  317,  and  Rec,  GeoL  Sur9.  Ind,,  Vol 

XXIV  (1891).  p.  179. 

•  Afin.   Mag.,  Vol.  II  (1878),  p.  930. 

«  See   Teall,  Brit.  Petrography  (1888),  p.  391. 

•  U,  S.  GeoLSuiv.  Monograph  No.  V,  "The  cop per-bearlngr  rocks  of  Lake  Superior,* 
p.  1 14. 

•  Quart.  Journ.,  Giol.  Soe,,  Vol.  XLII  (1886),  pp.  72  and  95. 
»  md,,  Vol.  XLV  (1889),  p.  175. 

•  Ibid.,  Vol.  XLV  (1889),  p.  asa. 

•  Ibid,,  Vol.  XLVII  (1891),  p.  177. 
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comes  in  contact  with  the  felspar  (para.  13).  In  this  way  growth  occurs  only  opposite 
the  ferromagnesian  constituent,  and  the  garnet  bellies  out  in  such  areas,  with  the 
result  that  the  bays  and  inlets  are  filled  with  felspar.  A  continuation  of  this  process 
results  in  the  complete  envelopment  of  the  felspar  and  its  consequent  appearance  in 
section  as  isolated  crystals.  As  might  be  expected,  the  crystal- outlines  of  the  garnet 
are  exhibited  only  when  the  pyroxene  is  sufficiently  abundant  to  allow  of  free 
growth,  whilst  development  is  proportionately  interrupted  when  such  minerals  as 
felspar  and  quartz  are  present  in  quantity.  Both  these  processes  are  specially  well 
illustrated  in  the  garnetiferous   rocks  of  Manbhdm  and  in  the  rocks  of  Parasnath.* 

31.  Although  a  certain  quantity  of  felspar  and  quartz  occurs  amongst  the  primary 
constituents  of  the  Manbhdm  and  Parasnaih  rocks  a  larger  quantity  is  formed  as  a 
by-product  in  the  re-arrangement  of  the  pyro  xene-molecules.  Hence  it  is  that  gar- 
net is  more  frequently  intergrown  with  felspar  and  quartz  than  with  the  more  basic 
minerals.  The  minerals  intergrown  are  thus  produced  simultaneously  by  secondary 
changes  in  a  pyroxenic  rock,  and  the  average  composition  of  the  mixture  of  garnet 
and  while  mineral  formed  is  approximately  that  of  the  original  ferromagnesian 
silicate  which  has  undergone  the  chemical  re-arrangement  of  molecules. 

v.— Summary  of  Conclusions. 

32.  The  garnets  occurring  so  abundantly  in  the  pyroxenic  rocks  of  India  fre- 
quently exhibit  fibrous  reaction-borders  generally  composed  of  felspar,  actinolite 
and  sometimes  magnetite,  and  display  a  radiate  arrangement  of  the  fibres  similar 
to  the  structure  characteristic  oE  Schrauf's  kelyphite. 

33.  The  reaction-border  occurs  only  between  the  garnet  and  a  ferromagnesian 
silicate,  never  between  garnet  and  felspar  or  quartz  (para.  13). 

34.  The  ferromagnesian  silicate  nearest  the  garnet  is  generally  green  actinolite 
which  can  be  traced  out  in  some  cases  (  »Ianbhdin,  Parasnath)  to  augite,  and  is  evi. 
dently  derived  from  the  latter  mineral  by  the  ordinary  process  of  amphibolization 
(para.  14). 

35.  The  augite  undergoing  the  paramorphic  change  into  hornblende  is  darken- 
ed by  the  minute  regularly-arranged  inclusions  which  characterize  diallageand  pre- 
sent the  ordinary  phenomena  of  schillerization.  The  passage  into  hornblende  is 
accompanied  by  the  absorption  of  these  dark  ferruginous  inclusions  and  clear  green 
actinolite  is  the  result  (para.  15). 

36.  Where  the  rock  is  composed  almost  entirely  of  pyroxene  changing  to  horn- 
blende, the  garnets  develope  with  a  regular  crystalline  outline,  and  several  crystals 
developing  in  close  proximity  often  exhibit  crystallographic  parallelism  to  one 
another.  Where  felspar  and  quartz  occur  in  quantity  as  primary  constituents,  the 
garnet  exhibits  no  crystal-outline,  but  is  moulded  on  the  white  minerals,  and  the 
line  of  contact  in  such  cases  never  shows  a  reaction-border  (para,  16). 

37.  The  garnets  are  frequently  found  bellying  out  opposite  the  pyroxenes, 
whilst  felspar  and  quartz  occupy  the  bays  and  inlets.  A  continuation  of  the  growth 
of  the  garnet  results  in  the  gradual  enclosure  of  such  felspar  and  quartz  crystals  and 
their  consequent  appearance  in  section  as  isolated  masses  (para.  30). 

38.  The  alteration  of  the  original  schillerized  pyroxene  is,  therefore,  not  a  simple 
paramorphic  change,  but  is  a  decomposition  which  results  in  the  simultaneous 
formation  of  a  more  basic  mineral,  garnet,  and  a  more  acid  one,  felspar. 
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39.  The  simultaneoas  development  of  l&ese  two  mineraU  results  in  their 
mlcropcgmatitic  intergrowth.  In  the  case  of  the  felspar  the  similarity  of  optical 
orientation  of  isolated  portions  proves  their  crystallographic  parallelism.  In  the 
case  of  the  intergrown  garnet  the  occurence  of  numerous  small  crystals  develop- 
ing around  a  larger  central  one  exhibiting  parallelism  of  crystal-outline  with 
the  larger  central  garnet  and  with  one  another,  results  in  the  ultimate  formation  of 
one  large  crystal  of  garnet,  in  which  both  original  felspar  and  quartz,  as  well  as  the 
secondary  felspar  formed  during  the  destruction  of  the  pyroxene,  become  entangled 
to  produce  a  micropegmatitic  structure  (paras.  29  and  31). 

40.  The  micropegmatitic  structure  is  thus  considcfed  to  be  of  secondary  origin 
as  has  recently  been  shown  to  be  true  for  similar  cases  of  the  more  common  inter- 
growth of  quartz  and  felspar. 

41.  The  development  of  felspar  as  a  by-product  during  the  formation  of  garnet 
from  pyroxene  explains  the  more  frequent  record  of  naicropegmatitic  intergrowths 
of  garnet  with  felspar  than  with  any  other  mineral. 

42.  The  reaction-border  occurring  around  garnets  may  therefore  represent  a 
stage  in  the  development  of  garnet  from  the  products  of  the  molecular  disintegration 
of  original  ferromagnesian  silicates,  and  does  not  always  indicate  the  destruction  of 
garnet  as  has  generally  been  considered  to  be  the  case  with  kelyphite  borders. 

43.  The  evidence  offered  by  the  microscopic  characters  briefly  indicated  in  the 
previous  paragraphs  is  conoborated  by  the  field  relations  of  the  pyroxenic  and 
gametiferous  rocks.  Compact  pyroxenic  rocks,  with  a  perfect  granitic  structure, 
become  friable  and  imperfectly  foliated  near  their  margins,  where  the  pyroxene 
disappears,  garnet,  in  about  the  same  proportions,  takes  its  place,  and  the  rock 
becomes  granulitic  in  structure  (para.  19). 

-  VI.  Explanation  of  Plate.    • 

Fig.  I.  Garnet  crystal  with  reaction-border  which  only  occurs  between  the 
garnet  and  the  pyroxene,  or,  more  strictly  speaking,  its  paramorph 
hornblende.  Along  the  bay,  which  is  filled  in  with  felspar,  the  outline 
of  the  garnet  is  a  simple  one  without  reaction-border.  In  this  section 
the  pyroxene,  which  is  darkened  by  schillerization  products,  is  am phi- 
bolized  opposite  the  reaction-borders  only,  the  portion  abutting 
against  the  felspar  being  unaltered.  In  pyroxene-diorite  from  Paras- 
nath,  Bengal.  Rock  No.  9.-328.  Slide  No.  11 54.  Magnified  by  43 
diameters. 

Fig.  a.  Garnet  crystals,  large  and  small,  developing  in  amphibole  derived  from 
pyroxene  with  crystallographic  parallelism  and  showing  reaction- 
borders.  In  garnetiferous  pyroxenite^  from  the  Ijri  valley,  Manbhum, 
Bengal.  Rock  No.  3*23.  Slide  No.  1376.  Magnified  by  25 
diameters. 

Fio.  3.  Small  garnets  growing  with  crystallographic  parallelism  to  a  larger 
neighbour  with  reaction-borders.  There  are  large  numbers  of  such 
small  crystals  growing  around  the  large  one  although  beyond  the 
limits  of  the  field  photographed.  Slide  No.  1976.  Magnified  by 
43  diameters. 

Fig.  4.  Micropegmatitic  intergrowth  of  garnet  and  felspar.  The  optical  con- 
tinuity of  the  isolated  sections  of  the  felspar  is  shown  by  parallel  twin, 
bands  when  examined  between  crossed  Nicols.  Slide  No.  1376, 
Magnified  by  20  diameters. 
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Notes  on  the  Ultra-basic  rocks  and  derived  minerals  of  the  Chalk 
(magnesite)  hills  and  other  localities  near  Salem,  Madras :  by 
C.  S.  MiDDLEMiSSy  B.A.,  Superintendent^  Geological  Survey  of 
India  (with  plates  % — 6). 

INTRODUCTION. 

In  substance,  and  with  but  slight  alteration  in  form,  these  preliminary  notes 
have  already  appeared  in  a  report  on  the  magnesite  areas  near  Salem,  prepared  by 
me  at  the  request  of  the  Madras  Government  last  year  (1895).  My  investigations 
were,  of  coarse,  chiefly  directed  to  the  magnesite,  serpentine  and  chromite,  from  an 
economical  stand-point;  but  I  naturally  gave  some  attention  to  the  geological 
aspects  under  which  they  appeared,  inasmuch  as,  from  their  comparative  rarity 
rocks  of  the  class  from  which  such  minerals  are  derived  are  always  objects  of 
interest  to  the  geologist. 

The  following  notes  have  reference  to  three  separate  localities,  namely : — 

(i)  The  two  areas  of  the  Chalk  hills. 

(a)  That  of  the  north-west  end  of  Kanjamallai. 

(3)  That  near  Valaiyapatti  in  the  Ndmakkal  taluk. 
Of  these  three  areas  the  first  is  by  hr  the  most  important.    They  will  be  taken 
for  description  in  the  above  order. 

(i)  Chalk  Hills. 

The  two  areas  embraced  under  the  above  name  have  been  described  by  Messrs. 
Ring  and  Foote  in  their  Memoir  i^Mem.  G.  6\  0/ India,  voK  IV,  pt.  2,  1864).  The 
same  areas  were  cursorily  examined  by  Mr.  Holland  quite  recently,  and  described 
(J?rr.  G.  S.  of  In^ia,  vol.  XXV,  p.  135,  1892). 

Whilst  the  two  former  observers  gave  a  fairly  detailed  description  of  the  mode 
of  occurrence  of  the  magnesite,  with  remarks  on  the  accompanying  minerals,  Mr. 
Holland  was  able  to  come  to  more  definite  and  accurate  conclusions  regarding  the 
mode  of  origin  of  the  magnesite,  chromite,  etc.— conclusions  which  have  been 
abundantly  confirmed  and  illustrated  by  my  own  visit. 

In  taking  up  work  myself  on  these  extremely  interesting  rocks,  it  was  evident 
(considering  that  a  generally  descriptive  account,  and  an  up-to-date  theory  of 
them  existed  already)  that  any  advance  that  I  could  make  on  the  work  of  my 
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predecessors  must  be  in  the  direction  of  greater  precision  as  regards  detailed 
surveying  of  the  minerals  and  rocks  of  the  area.  My  line  of  action  was  therefore 
clear,  and  the  first  step  towards  it  was  to  obtain  a  detailed  topographical  map.  This 
I  found  not  to  exist ;  and  so,  as  the  shortest  way  oat  of  the  difficulty,  I  set  to  work 
and  planetabled  the  two  magnesite  areas  of  the  Chalk  hills  myself  on  the  scale  of  6 
inches  to  i  mile,  showing  sketched  contours  of  lo  feet.  A  reduction  of  the 
map,  geologically  ooloured,  accompanies  this  report  (Plate  a.) 

The  Chalk  hills  lie  a  few  miles  north  of  Salem  town.    They  comprise  two  areas. 

.  a  smaller  one  to  the  south,  through  which  at  its  south-west 

Position  and  area.         ^^^  ^  ^^^^^  Railway  and  th«  road  to  Omalur  pass,  and 

a  larger  one  to  the  north-east  of  the  latter,  and  which  keeps  a  position  to  the  east 
of  the  railway  and  road.  The  former  contains  about  i}  square  miles  and  the 
latter  (so  far  as  shown  in  my  map)  about  i\  square  miles.  It  extends,  however, 
further  away  in  a  north-easterly  direction. 

The  hills  rise  gently  from  the  plains,  and  expose  a  set  of  low  undulating  surfaces, 
generally  bare  of  vegetation  and  without  water.    They  are 
ro^ap  y.  streaked  with  white,  owing  to  the  veins  of    magnesite  Ccar- 

bonate  of  magnesia)  from  which  (erroneously)  the  name  ''  Chalk"  hills  is  taken. 

General     geological  The  structure  of  the  two  magnesite  areas  may  be  sum- 

strocture.  marised  as  follows  :— 

(i)  The  plains  surrounding  the  Chalk  hills  are  composed  of  an  ancient  gneissic 
series,  wrapped  into  folds  with  a  N.  E.— S.  W.  strike.  These  rocks  form  part  of 
the  great  crystalline  foundation  of  south  India.  They  vary  enormously  in  mineral 
composition  at  different  places,  but  in  the  vicinity  of  the  Chalk  hills  they  usually 
have  hornblende  as  the  dark  mineral.  Their  foliation  is  a  marked  characteristic  : 
a  foliation  both  fine  and  coarse,  and  rendered  very  apparent  by  the  varying  quan- 
tities of  hornblende  present  in  each  layer.  A  hand -specimen  may  shew  no  horn- 
blende at  all,  or  a  finely  banded  condition  of  it  with  felspar  acd  quartz,  or  it  may 
be  composed  entirely  of  hornblende.  In  certain  places,  as  along  the  high  ridge  to 
the  south  of  the  north  magnesite  area,  garnets  of  great  size  ot  in  nests  appear  thickly 
distributed  along  the  more  hornblendic  bands.  Perhaps  the  greatest  structural 
difference  between  these  old  gneisses  and  the  presumably  younger  ultra-basic 
intrusions,  which  are  the  subject  of  this  papery  is  to  be  found  in  the  greatly  foliated 
condition  of  the  former,  and  the  total  absence  of  any  such  in  the  latter.  Indeed 
generally  throughout  South  India,  this  distinction  applies  between  the  gneissic 
foundation  and  the  intrusive  rocks,  whether  ultra^b^sic,  as  here,  basic  as  found  in 
the  great  plexus  of  trap  dykes  that  cut  through  the  country,  or  acidic,  as  is  found 
in  the  masses  and  veins  of  coarse  granite  which  form  considerable  hills.  In 
any  and  every  case  the  younger  intrusive  rocks  remain  perfectly  unfoliated  and  non* 
schistose  from  core  to  edge :  they  have  no  linear  sLrrangement  of  their  mineralF# 
and  no  tendency  to  any  uniform  orientation  of  the  long  axes  of  those  minerals. 

(a)  The  two  areas  of  the  Chalk  hills  are  essentially  two  such  great  intrusive 
masses  of  olivine  chromite  rock,  and  other  olivine-bearing  rocks,  which,  from  their 
containing  little  or  no  felspar  or  quartz,  belong  to  the  peridotlie,  or  ultra-basic 
group  of  rocks,  such  as  dunites,  picrites,  etc.  These  rocks,  owing  to  the  unstable 
mineral  olivine,  have  undergone  enormous  mineral  change,  whereby,  first  the  dunite 
became  serpentinised  more  or  less  completely,  and  secondly,  the  serpentinised 
Product  was  further  altered  with  the  formation  of  magnesite,  chalcedony,  etc 
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The  evidence  for  the  intnisive  nature  of  these  ultra-basic  masses  may  be  best 
seen  along  the  south-west  side  of  the  north  area>  where  the  junction  Hue  with  the 
old  gneisses  is  distinctly  seen  to  cut  obliquely  across  the  foliation  of  the  latter.  The 
age  of  these  intrusive  rocks  remains  at  present  undeterminable. 

Mr.  Holland  was  the  first  to  detect  the  presence  of  dunite  in  the  specimens 
The  Dunite    and  its     ^bich  he  collected  in  the  Chalk  hills  and  north-west  of 
contained         mineral     Kanjamallai  hill.  (See  foot-n(^e  at  page   144  of  Mr.  Hoi- 
Chromite.  land's  paper.) 

This  rock,  first  known  from  the  Dun  mountain,  New  Zealand,  is  composed 
entirely  of  olivine  and  chromite,  and  as  such,  in  an  unaltered  condition,  it  is  found 
at  many  places  in  the  Chalk  hills  where  the  rock  has  resisted  the  metamorphic  in- 
fluences tending  to  convert  it  into  serpentine.  The  top  of;"  J  "  hill  and  of  "Tfcnt " 
hill,  and  the  western  end  of  the  south  area  are  examples  of  places  where  the  rock 
of  a  grey  or  greenish-grey  colour,  may  be  observed.  The  grey  rock  (colourless  in 
thin  section),  such  as  is  found  on  the  summit  of  "  J  '*  hill  and  near  "  KK  "  hill 
might  be  at  first  sight  mistaken  for  a  quartzite  until  the  high  specific  gravity 
arouses  suspicion. 

The  microscope  shows  the  rock  to  be  composed  almost  entirely  of  a  coarsely 
crystalline  aggregate  of  olivine,  felted  together,  and  with  minute  black  crystalline 
grains  of  chromite  dotted  through  it. 

A  chemical  analysis  of  the  "J''  hill  specimen  No.  10*189,  made  in  the  Geo- 
logical laboratory  at  Calcutta  by  Mr.  Blyth,  gave — 

Silica  •••.•..••     39-10 

Magneiia      •••••••••      4^'a6 

87-36 
Iron  and  alanlna 
Manganese  ^    ^^^ 


Ctiromium 
Moiatare.  etc. 


;l 
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Specific  gravity      •        •        •        •        •        .        •        •3*176 

I  give  below,  for  comparison,  an  analysis  of  the  dunite  of  the  Dun  mountain 

(Von  Hochstetter)«— 

Silica             • 49*80 

Magnesia       .         • 4738 

Ferrous  oxid« 9*40 

(after  the  ehromite  had  been  removed). 

I  next  give  that  of  oriental  olivine,  taken  from  Dana's  Mineralogy  « 

Silica     •         •         • •      39'73 

Magneaia •         •         •         cSOia 

Ferrovs  oxide  •         •         •         •         •         •         •         •919 

Specific  gravity  ••.,••••  3351 
There  can  be  no  doubt  that  originally  nearly  the  whole  of  the  Chalk  hills  area 
was  composed  of  this  extreme  form  of  peridotite  known  as  dunite.  But  mineral 
changes  rapidly  set  in,  and  the  two  first  of  these  changes  that  must  be  noticed  are  (a) 
the  alteration,  partially  or  wholly,  of  the  olivine  into  serpentine,  and  {b) 
the  segregation  of  the  chromite  into  nodules  and  veins.  With  regard  to  the 
change    of    olivine     into    serpendne,    I     need    say    very    little.      It   can   be 
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followed  most  perfectly  under  the  microscope  bj  a  series  of  transitional  sections 
showing,  first,  a  few  veins  of  the  latter  anastomosing  among  and  penetrating  the 
crystals  of  olivine,  afterwards  breaking  them  up,  then  separating  them  into  isolated 
small  grains  set  like  islands  in  a  sea  of  serpentine,  and  mhich  at  last  become  y^y 
small  and  finally  disappear.  The  subsequent  changes  which  brought  about  the 
conversion  of  much  of  the  serpentine  into  magnesite  have  effectually  destroyed  any 
ornamental  qualities  it  might  have  possessed,  by  giving  it  a  dull  earthy  appearance. 
Only  here  and  there  do  there  occur  a  few  minute  veins,  a  finger  thick,  of  a  pale 
apple-green  serpentine,  which  might,  if  they  had  been  on  a  larger  scale,  have  been 
of  economic  use.  Picrolite  or  fibrous  serpentine,  is  also  found  in  veins  here  and 
there. 

Coming  to  the  chromite,  originally  discovered  by  Mr.  Heath,  and  worked  by 
the  Porto  Novo  Company,  the  only  observations  we  have  as  to  its  mode  of  occur- 
rence are  those  made  a  long  time  ago  by  Newbold,  and  those  of  recent  date  by 
Holland.  The  former  found  the  mineral  in  very  thin  veins,  either  lying  among 
the  magnesite  of  the  veins  or  between  it  and  the  walls  of  the  veins.  The  observa- 
tions were  drawn  from  an  examination  of  the  mines  near  the  chimney  on  the 
accompanying  map  (Plate  a).  Holland  corroborated  N.ewbold's  observations  in  this 
respect — see  yournal,  Roy.  Asiatic  Soc,  vol.  VII,  1843,  PP«  t^7 — '7i«  Of  the  three 
shafts  marked  on  my  map  the  middle  one  is  the  largest,  and  though  I  explored 
this  carefully,  I  could  find  no  trace  of  the  mineral  left  in  the  crumbling  rock-walls 
of  the  shaft. 

In  some  small  pits  sunk  along  the  position  of  the  line  marked  chromite  vein  on 
the  map  (some  of  which  appear  to  have  been  enlarged  lately),  I  was  able  to  see 
the  position  of  several  veins  of  the  chromite.  Three  vertical  parallel  veins  a 
quarter  of  an  inch,  i  inch,  and  i  inch  wide  respectively,  and  separated  by  a  few 
inches  of  serpentinised  matrix,  occur  striking  £.  3C°  N.  at  a  position  on  the  map 
N.W.  5°  N,  from  the  chimney,  and  distant  about  650  yards  (see  pi,  5,  fig.  i). 
Nearly  horizontal  magnesite  veins  may  be  seen  interrupting  and  cutting  across 
both  the  matrix  and  the  chromite  veins.  In  one  place  a  vein  of  magnesite  has 
not  only  interrupted,  but  also  displaced,  the  middle  vein  of  chromite,  showing  that 
the  magnesite  was,  in  this  case,  the  last  to  form. 

What  is  undoubtedly  a  continuation  of  the  same  vein  towards  the  £.  20^  N.  is 
to  be  seen  at  several  points  between  900  and  1,000  yards  off.  At  no  other  places 
in  this  north  area  was  chromite  found  in  siiu. 

It  will  be  seen  from  the  map,  however,  that  in  this  area  a  little  east  of  the 
chimney  there  is  a  space  of  country  from  which  six  stream-beds  radiate  in  different 
directions.  In  every  one  of  these  stream  beds,  and  especially  in  their  higher  parts, 
chromite,  in  lumps,  varying  from  one  foot  to  one  inch  or  even  less  across,  may  be 
picked  up  (the  places  where  such  have  been  found  are  indicated  on  the  map  by 
dots). 

It  is  clear,  therefore,  that  the  area  drained  by  these  streams  is  penetrated  by 
chromite  veins.  Unfortunately  my  data  are  too  scanty  for  any  attempt  to  estimate 
the  amount  of  chromite  available  to  the  miner;  nothing  but  a  practical  test  within 
the  area  of,  say,  1,000  yards  radius  from  the  chimney  would  settle  this  all-important 
question.    Geology  has  gone  as  far  as  it  can,  unaided,  in  the  matter. 

In  the  scuthern  area  of  the  Chalk  hills  the  map  similarly  shows,  by  means  of 
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dots,  the  places  where  chromite  has  been  picked  up  at  the  surface.  No  chromite* 
actually  in  st/a,  is  known  in  this  area ;  but  the  indications  of  it  in  the  stream  between 
•*Tent*'  hill  and  "Green  bush"  hill,  and  in  the  one  to  the  south-west  of  *'Tent" 
hill,  show  that  the  centre  of  this  area  is  approximately  the  true  location  of  the  chro- 
mite. No  mines  have  been  worked  in  the  area,  but  I  have  no  doubt  that  if 
extensive  quarrying  of  the  magnesite  is  ever  carried  out,  chromite  veins  will  in  due 
course  be  laid  bare. 

As  for  the  quality  of  the  ore,  the  nodules  and  lumps  as  picked  up  among  the 
hills  show  that  it  is  practically  a  granular*  crystalline  aggregate  of  the  pure  mineral, 
chromate  of  iron,  the  theoretical  composition  of  which,  as  given  by  Dana,  is — 

Chromium  sesquiozide         .         •         •         •         •       68*0 
Iron  protoxide    •••••••      39'o 

lOO'O 

but  chromite  varies  much  in  the  amount  of  the  sesquioxide  present,  50  per  cent, 
being  considered  a  very  good  quality  of  ore. 

The  actual  analysis  of  the  ore,  as  found  in  the  north  area  of  the  Chalk  hills,  is 
given  in  Newbold's  paper  referred  to  above.  It  was  made  by  Mr.  £.  Solly,  and 
gave— 

Chromiam  sesqaioxide         •         •         •        49*00  per  cent. 
Which  is  aboat  equivalent  to  chromic  acid    57*00        „ 
Or  to  cent,  per  cent,  of  chromate  of  potash. 

The  following  description  of  the  method  of  working  and  transporting  the  ore  to 
the  coast  is  taken  from  Newbold's  report  :— 

**  The  ore  is  separated  from  the  rock  by  means  of  pickaxes,  chisels,  wedges,  and  hammers  ; 
"  sorted  and  piled  up  into  little  heaps  on  the  ground  in  front  of  the  huts  occupied  by  the 
"superintendents,  where  it  remains  until  the  Caavery  becomes  navigable;  that  Is,  from  the 
"  end  of  June  till  the  end  of  September.  It  is  then  sent  down  by  land  to  Moganoor,  a  place 
'*  on  the  river  aboat  40  miles  southerly  from  Salem,  whence  it  is  boated  to  Porto  Novo  on  the 
'*  Coromandel  coast.    Thence  It  is  shipped  to  Europe  by  the  Porto  Novo  Iron  Company." 

About  100  tons  are  said  to  have  been  extracted  from  the  mines,  one  block  of 
which  weighed  two  tons,  but  it  was  found  that  the  export  of  the  crude  ore  to 
England  did  not  pay  owing  to  the  quantities  available  from  Scotland,  Styria,  etc. 
At  a  depth  of  50  or  60  feet  from  the  surface  water  was  met  with,  and  it  is  not 
impossible  that  it  was  this  difficulty  which  helped  largely  to  stop  the  work,  inasmuch 
as  no  better  means  of  removing  the  water  were  used  than  buckets  and  ropes. 

Besides  the  dunite,  and  its  more  immediately  derived  serpentine  and  chromite- 
Other  ultra-basic  ^^^^s,  there  occur,  somcwhat  sparingly,  examples  of  other 
and  basic  rocks  of  the  less  basic  rocks.  They  are  generally  black  or  of  dark 
Chalk  hills.  colouT,  and  stand  out  in  rounded  lumps,  having  escaped 

the  great  alteration  which  the  dunite  has  suffered.  They  are  represented  on  the 
map  by  a  purple  colour.  Many  of  these  in  the  north  area  are  situated  round  the 
margins  of  the  dunite  intrusion.  One  remarkable  one  is  found  to  the  east  of  *'  Green 
bush  "  hill  in  the  south  area.  The  latter  No.  ^r  is  a  very  coarse  aggregation  of 
diopside,  olivine  and  biotite.  The  first  two  minerals  are  in  a  granular-crystalline 
state,  whilst  the  biotite  fills  in  the  interspaces.  Apparently  genetically  related  to 
the  preceding  specimen  is  ^  from  the  cart  track  N.N.E.  of  knoll  "  C ."    It  also 
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contains  diopside  and  olivine  in  more  or  less  idiomorphic  crystalline  grannies ; 

there  is  a  small  amount  of  biotite ;  and  all  these  minerals  are  set  in  a  groundmass 

of  small  felspar  crystals.    The  diopside  is  schillerized  in  a  remarkable  way. 

Similar  rocks  are  fonnd  in  the  stream-bed  S.S.W.  of  K,  e.  g„  ^^, 

I  come   now  to  the  mineral    which    is    most  abundantly    represented  in 

-,.    „         .*       •  the   Chalk  hills,  that  is,  the  magnesite,  or  carbonate  of 

1  be  Mafi^nesito  veins*  .  ,    , 

magnesia.    Its  general  charactenstics,  mode  of  occurrence, 

and  appearance  have  been  described  by  many  observers,  among  whom  may  be 
mentioned  Ne^bold  (Journal,  Roy.  Asiaiic  Sac,  vol.  VII,  page  i6i,  i843)»  King 
and  Foote  in  their  memoir  cited  above,  and  lastly  Holland.  The  descriptions  of 
the  earlier  observers  stand  good  at  the  present  day,  if  we  simply  substitute  the 
more  correct  mineralogical  descriptions  of  the  rocks  from  which  it  was  originally 
derived  in  the  place  of  the  hornblende-schists,  micaceous  and  massive  talcose 
schists,  basalts,  etc.,  of  these  observers.  The  mistake  made  by  them  (perfectly 
intelligible  before  the  microscope  was  regularly  employed  for  the  examination  of 
rocks  by  means  of  thin  sections)  was  of  a  simple  nature.  They  looked  upon  the 
area  of  the  Chalk  hills  as  primarily  a  focus  of  metamorphism,  brought  about  by  a 
locally  intense  extravasation  of  hot  acid  waters  or  vapours,  which  were  sufficient 
to  change  the  otherwise  stable  minerals  in  the  gneissic  rocks  surrounding  the  area. 
Mr,  Holland's  and  my  own  researches,  on  the  other  hand,  have  simplified  the 
matter  considerably  by  the  discovery  that  the  rock  forming  the  groundwork  of  the 
Chalk  hills  areas  is  entirely  different  from  the  surrounding  gneissic  rocks ;  that  it 
is  in  fact,  as  has  been  described  above,  a  nearly  pure  olivine  rock  in  various  stages 
of  alteration.  The  fact  of  such  an  olivine  rock  having  at  one  time  been  erupted 
into  the  older  gneisses  in  this  part  of  the  country  is  in  itself  sufficient  to  account 
for  the  secondary  masses  of  serpentine  and  veins  of  magnesite,  without  having 
recourse  to  hot  acid  waters  emerging  at  particular  places ;  inasmuch  as  it  is  the 
nature  of  olivine  rocks  to  rapidly  undergo  changes  into  serpentine  and  magnesite. 
The  mineral  is  of  such  an  unstable  nature  as  to  readily  lend  itself  to  these  changes 
under  normal  subterranean  or  surface  conditions  (without  calling  into  play  any 
special  metamorphosing  agents),  whilst  the  ordinary  gneisses  of  the  country,  and 
the  less  basic  rocks  surrounding  the  area,  remained  practically  unaltered. 

I  need  say  very  little,  therefore,  as  to  the  general  occurrence  of  the  magnesite 
here,  except  that  it  appears  in  veins,  which  although  they  have,  in  places,  a 
tendency  to  a  particular  alignment  along  what  were  probably  originally  joint 
planes  in  the  dunite,  are  nevertheless  as  a  rule  completely  irregular  in  their  dis- 
position. The  number  of  veins,  and  the  corresponding  quantity  of  the  magnesite, 
were  points  to  which  I  particularly  directed  my  attention ;  and  which  I  have 
endeavoured  to  represent  on  the  accompanying  map.  The  uncoloured  part  of  the 
map  where  topographical  detail  is  given  embraces  the  whole  area  where  the 
dunite  is  found  and  stands  for  that  in  which  the  magnesite  is  least  in  evidence  or 
absent  altogether.  The  cross-shaded  portion  is  that  in  which  there  is  a  fair  amount 
of  the  magnesite;  whilst  the  deep-blue  wash  represents  the  parts  richest  in 
magnesite.  I  have  been  compelled  for  diagrammatic  purposes  to  draw  the 
boundaries  of  the  different  areas  as  sharp,  but  I  need  scarcely  remark  that  in 
nature  there  are  no  such  hard  and  fast  lines ;  the  richer  and  the  poorer  rock 
grading  into  each  other. 
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(i)  The  richest  areas  (coloured  blue)  are,  generally  speaking,  the  western  end 
of  the  north  area,  and  the  sonth  side  of  the  south  area.  I  estimate  that  the  propor- 
tion, by  volume,  of  the  magnesite  in  the  rock  in  these  richest  parts  is  about  one-half 
or  one*third  of  the  whole  rock. 

(a)  The  moderately  rich  area  (cross-shaded)  occupies  generally  the  more 
central  parts  of  the  Chalk  hills ;  and  I  estimate  that  the  proportion,  by  volume,  of 
magnesite  here  is  only  from  one-sixth  to  one-tenth,  or  even  less,  of  the  whole  rock. 

(3)  The  poorest  area  (uncoloured)  merely  shows  a  few  thin  veins  and  patches 
of  the  magnesite  here  and  there,  and  impossible  of  estimation. 

The  total  area  embraced  under  heading  No.  (i)  above,  in  the  two  parts  of  the 
Chalk  hitls  taken  together,  amounts  to  about  620,000  square  yards,  that  under 
heading  No.  (3)  amounts  to  about  5,536,000  square  yards. 

Considered  altogether,  the  amount  of  magnesite  in  these  hills  is  practically 
unlimited.  The  richest  portions  (as  visible  at  the  surface)  stand  up  in  rough  lumpy 
hillocks,  sometimes,  as  in  the  case  of  the  hills  at  the  western  end  of  the  north  area, 
rising  as  much  as  100  to  140  feet  above  the  plains,  whilst  in  other  parts,  as  the 
south  edge  of  the  south  area,  they  rise  only  to  30,  40,  or  60  feet  above  the  plains. 
Hence  the  mineral  (if  any  demand  for  it  ever  does  arise)  can  be  worked  in  open 
quarries  and  taken  away  to  the  rail.  The  quarries  could  all  be  reached  by  a  light 
tramway,  or  by  carts. 

Two  outline  views  of  the  two  areas  are  appended  to  this  report  to  show  the  con- 
figuration of  the  country  (Plate  6),  and  two  photographs  to  illustrate  the  surface 
appearance  of  the  magnesite  veins  (Plates  3  and  4)« 

(a)  Kanjamallai  area. 

Mr.  Holland  {Rec,  G.  S.  of  India^  vol.  XXV,_p.  142)  was  the  first,  I  believe,  to 
draw  attention  to  the  presence  of  ultrabasic  rocks  and  magnesite  in  small  amount 
at  the  north-west  end  of  the  Kanjamallai  hill  in  a  depression  at  the  head  of  a 
little  stream  running  down  to  Sithaswaran  kovil  (temple).  Therein  also  he  remarks 
on  the  possibility  of  finding  chromite  associated  with  the  magnesite. 

On  visiting  this  part  myself  last  season,  I  found  the  rocks  as  described  by 
Mr.  Holland.  But  the  amount  of  the  purer  olivine-chromite,  ultra-basic,  intrusive 
rock  (dunite)  as  found  at  the  surface  was,  however,  extremely  small.  It  is  of  a 
pale  greenish-yellow  colour  and  crumbles  easily.  Veins  of  magnesite  run  through 
iU  In  close  relation  with  it  was  a  brilliant  dark-green  rock  composed  of  enstatite 
and  a  bright-green  pyroxene  (diopside),  a  rock  which  is  also  found  in  the  extreme 
north-east  parts  of  the  north  magnesite  area  of  the  Chalk  hills,  on  the  east  side  0^ 
the  double-peaked  Nagramallai  hill  (not  represented  on  the  map). 

Mr.  Holland's  prediction  as  to  the  possible  finding  of  chromite  here  was 
verified  by  my  coming  upon  a  band  of  it  about  4  inches  thick  among  the  magne- 
site and  decomposed  ultra-basic  rock.  It  was  only  exposed  for  the  short  distance 
of  about  3  yards. 

The  whole  exposed  area  of  these  rocks  in  this  locality  is  in  length  not  more 
than  J  mile  and  in  breadth  \  mile.  It  appears  to  follow  round  the  eastern  end  of 
the  depression  at  the  north-west  end  of  Kanjamallai  in  the  angle  formed  by  the 
main  ridge  and  low  continuation  of  it  south  of  Sithaswaran  kovil  (temple).  I  could 
not  find  any  trace  of  it  anywhere  else  on  the  Kanjamallai  ridge. 
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To  the  soath  of  Kanjamallai  hill,  and  ninning  parallel  to,  and  north  of»  the 
Salem-Sankaridmg  road,  there  is  a  little  row  of  hills  composed  chiefly  of  talcose 
schists  and  dunite,  with  a  mere  trace  of  magnesite  among  them.  The  talcose 
rock  was  locally  worked  as  pot-stone  for  making  rude  vessels  (feeding  troughs  for 

cattle,  etc.). 

Both  these  two  areas  are  too  small  to  be  considered  as  of  any  importance  from 
the  magnesite  they  contain ;  but  the  chromite  of  the  former,  and  the  pot-stone  of 
the  latter,  may  be  considered  as  of  some  economic  value.  The  chromite  is  in 
close  proximity  to  a  thick  bed  of  magnetite. 

This  paper  does  not  profess  to  deal  with  the  iron  ores  of  Kanjamallai,  but  I  may 
mention  that  a  few  average  specimens  from  the  lowest  and  thickest  band  of  magne- 
tite schist  at  the  south  foot  of  Kanjamallai  were  analysed  in  the  Geological  labora- 
tory by  Mr.  Blyth  and  gave  :— 

No.  io'3i3  (a  fine-grained,  almost  aphanitic  rock*  a  large  specimen  of  which 
I  sent  to  the  Madras  Museum).— 

Specific  flrravity       ,        .        .         ,        .        ,        ,        .     3  3<5S 
Per  cent,  of  iron      .•••••••   35*00 

No.  IO*243— 

Specific  gravity       ••••••••     3*531 

Per  cent,  of  iron       ••••••••   34*390 

No.  io'339  (a  coarsely  crystalline  quartz-magnetite  rock)  :^ 

Specific  gravity        •         •         .«••••     3*538 
Per  cent*  of  iron     ••••••••  36*66 

(3)  The  Valaiypatti  area. 

This  locality  is  one  of  those  described  by  King  and  Foote  in  their  memoir  cited 
above,  p.  96,  The  amount  of  magnesite  present  is  extremely  small.  The  ultra- 
basic  rocks  which  have  given  rise  to  the  magnesite  are  the  same  as  those  last 
described  from  north-west  end  of  Kanjamallai,  buC  I  did  not  find  any  of  the  pure 
olivine  rock  analogous  to  the  dunite  of  Chalk  hills. 

The  actual  locality  is  a  little  south  (from  half  to  one  mile)  of  Palappatti  of  the 
one-inch  map  of  the  Namakkal  taluk  (Madras  Survey^.  The  magnesite  is 
exposed  over  an  area  of  one  mile  by  half  a  mile,  and  it  is  developed  among  rocks 
which  contain  a  considerable  quantity  of  enstatite,  with  green  pyroxene  (diopside). 

Besides  this  particular  area  there  is  actually  at  Valaiyapatti,  another  occur- 
rence of  similar  rocks,  which  stretch  away  in  a  long  narrow  band  east  and  west  of 
the  town.  They  form  little  hills  rising  sometimes  steeply,  and  forming  a  discon- 
tinuous chain.  With  them  east  of  the  town  occurs  a  rock  of  an  extremely  acid  type, 
a  very  coarse  red  or  pink  and  white  pegmatoid  rock  or  graphic  granite,  composed 
of  quartz  and  felspar,  which  have  crystallised  together  simultaneously. 

These  are  all  the  localities  with  magnesite  that  I  have  so  far  visited.  The  first 
is  the  only  one  in  which  the  mineral  is  developed  in  sufficient  force  to  be  of  any 
practical  use. 
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Preliminary  notes^  on  some  Corundum  localities  in  the  Salem  and  Coim- 
batore  districts,  Madras :  by  C.  S.  MlDDLEMlSS^  B,A.,  Geological 
Survey  of  India.  (With  plates  7,  8  and  9.) 

I.MNTRODUCTION. 

In  these  notes  I  shall  merely  endeavour  to  give  a  concise  account  of  such  facts 
as  to  the  distribution  and  occurrence  of  corundum  in  the  districts  referred  10  under 
the  above  heading,  as  have  up  to  the  present  been  investigated  by  me.  All  dis- 
cussion of  theoretical  questions  arising  from  them,  except  in  so  far  as  such  questions 
bear  on  the  distribution  of  the  mineral,  will  be  left  for  a  future  more  complete  report, 
when  these  investigations  have  been  brought  to  a  close. 

A  few  remarks  of  a  general  nature  have  already  been  made  by  me  in  my  pro. 
gress  report  for  the  working  season  1893-94,  and  reproduced  in  substance  in  the 
annual  report  of  the  Geological  Survey  for  the  year  1894  {Rec.  G.  S.  of  India^  vol. 
XXVIII,  pt.  I,  p.  3).  I  need  not  do  more  here  than  refer  to  them,  as  all  important 
details  contained  therein  will  be  embodied  in  the  present  report. 

A  list  of  corundum  localities,  as  represented  by  specimens  in   the  Madras 

Corundam    localitias     Museum,  was  kindly  famished  me  by   Dr.  Warth  (then 

visited  by  me.  officiating  as  Superintendent  of  the  Museum)  on  my  arrival 

in  Madras.    Of  those  the  following  is  a  list  of  the  localities  where  corundum  has 

been  examined  by  me  :— 

(i)  Sithampundi  or  Sittampundi,  near    Solasiramani    (Sholasigamani) 

Ndmakkal  taluk,  Salem  district. 
(3)  Paparapatti  and  neighbourhood,  Dharmapuri  taluk,  Salem  district. 

(3)  Rengopnram,  Dharmapuri  taluk,  Salem  district. 

(4)  Road  &om  Dharmapuri  to  Morappur. 

(5)  Selangapalaiyam,  Bhav^ni  taluk,  Coimbatore  district. 

(6)  Gopichettipalaiyam,  Coimbatore  district. 

(7)  Karutapalaiyam,  Coimbatore  district. 

The  following  localities,  though  they  have  been  quoted  as  corundum  localities, 
hive  proved  not  to  contain  corundum  in  some  cases,  or  else  local  information  on 
the  subject  was  found  to  be  wanting : — 

(8)  Yellagiri  hills,  near  Jalarpet. 

(9)  Neringipet,  Coimbatore  district. 

(10)  Chinnamallai,  Coimbatore  district. 

(11)  Kanjikovil,  Coimbatore  district. 

With  regard  to  the  Yellagiri  hills,  I  was  in  the  6rst  place  unable  to  obtain  any 
information  from  the  local  officials  of  Tirupatur,  as  to  the  occurrence  of  any  corun* 
dum  there.  On  visiting  the  hills  themselves,  and  making  enquiries  both  in  the 
villages  at  the  foot  and  on  the  summit  of  the  plateau,  I  was  similarly  unable  to 
elicit  any  information  on  the  subject.  A  necessarily  somewhat  hurried  personal 
investigation  of  the  geology  of  the  hills  was  also  without  success.  I  found  the  hills 
to  be  composed  of  a  great  intrusive  mass  of  a  rather  medium -grained  granite, 

^  With  few  slight  alterations  these  notes  are  a  reprint  of  a  report  written  for,  and  published 
by,  the  Madras  Government,  1895. 
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slightly  pinkish  in  coloar,  but  sometimes  white  and  sometimes  deep  flesh^colonr. 
Here  and  there  on  slabs  of  the  rock  exposed  along  the  rolling,  plateau-like  summit 
were  to  be  seen  large,  porphyritic  crystals  of  felspar  which  at  once  catch  the  eye  in 
the  sunlight.  It  may  possibly  be  the  case  that  these  crystals  have  been  mistaken 
for  corundum. 

Neringipet  I  have  not  as  yet  visited,  but  the  Bhavaai  Tahsildar  informed  me  that 
the  reported  find  there  was  a  mistake. 

Chinnamallai  is  a  long,  low  hill- range  ol  ironstone  (magnetite-schist,  etc.) 
among  gneisses.  I  could  find  no  one  in  the  neighbourhood  who  knew  anything 
about  corundum  occurring  in  the  neighbourhood,  not  was  I  successful  in  discover- 
ing  any  trace  of  it  myself. 

At  Kanjikovil,  I  was  directed  by  the  Bhavini  Sheristadar  to  a  number  of  shallow 
pits  situated  about  2%  miles  along  the  Satyamangalam  road  from  Sittodu.  Here  I 
found  a  quantity  of  grey  and  blueish  grey  kyanite  crystals  scattered  through  the 
rock,  in  the  soil,  and  in  the  debris  thrown  out  of  the  pits.  It  is  possible  that  this 
mineral  was  mistaken  for  corundum ;  and  it  is  even  possible  that  similar  finds  of 
blueish  varieties  gave  rise  to  the  report  mentioned  by  Newbold  (see  on)  that 
sapphires  have  been  found  in  the  valley  of  the  Cauvery.  * 

II.  DESCRIPTIONS  OF  THE  LOCALITIES. 

(i)  Sittampundi  area. 

This  locality  lies  a  little  east  of  the  Cauvery  river,  and  about  five  miles  to  the 
south  of  the  boundary  dividing  the  Tiruchengddu  taluk  from  the  Niraakkal  taluk. 
It  has  apparently  been  known  for  a  very  long  time.  Specimens  of  corundum  and 
of  the  enclosing  rock  from  it  were  described  by  Count  de  Bournon  {PhiL  Trans. 
Roy.  Socy.^  iSoa,  p.  383),  and  the  place  was  visited  by  Captain  Newbold  and 
reported  on  by  him  (Journal,  Roy.  Asiatic  Socy.,  vol.  VII,  p.  334).  Lastly  Dr. 
Warth  of  the  Geological  Survey  visited  and  reported  on  it  in  two  letters  to  the 
Madras  Government,  Nos.  540  and  606,  dated  34th  June  and  i6th  July  iSgt* 
respectively. 

The  size  of  the  area  productive  in  corundum  was  given  by  Dr.  Warth  as  771 
acres,  but  the  village  officers  gave  1,000  acres  as  the 
estimated  amount,  it  was  also  stated  to  be  about  four 
miles  long  and  two  miles  broad  in  its  widest  part. 

The  part  examined  by  me  was  about  two  miles  long  and  varied  in  width  from 
100  yaids  to  1,000  yards.  It  lies  south-west,  south,  and  south-east  of  Sittampundi 
village,  occupying  a  slightly  elevated  bit  of  rising  ground  running  with  its  long  axis 
west-north-west,  and  east-south-east  at  distances  varying,  according  to  the  position^ 
of  from  I  mile  to  ^  mile  from  the  village. 

It  was  in  December  1893  that  I  began  my  corundum  investigations  in  the  dis- 
trict at  this  place,  first  on  account  of  its  being  the  one  about  which  most  information 
was  obtainable.  The  following  summary  is  based  on  the  observations  then  made 
in  the  field,  and  on  the  subsequent  examination  of  the  rocks  and  minerals  in  the 
laboratory. 

*  In  view,  however,  of  the  discovery  by  Dr.  Warth  of  blue  corundam  in  a  vein  of  kyanite 
In  Chota  Nagpur  thit  place  may  be  worth  while  visiting  again  (see  Ricords,  voL  XXIX,  p.  50). 
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The  rocks  to  the  north  of  the  corundum  area  consist  generally  of  a  great  series  of 

Rocks  of  the  neigh-     biotite  gneissic  rocks,  covering  large  areas,  and  with  bosses 

boarhood.  and  veins  of  a  coarse,  reddish  granite  bursting  through 

them  and  often  forming  picturesque  crags  and  precipitous  hills,  such  as  that  at 

Tiruchengodu  town,  and  the  similar  hills  in  the  vicinity. 

But  the  actual  rock  present  at  the  corundum  workings  differs  from  the  above 
Actual  matrix  of  the     in  being  a  gneiss  or  gneissic  rock,  of  a  pale  silv«-y  or 
corandum.  pearly  grey  colour,  sueaked  with  black,  and  consisting  of 

anorthite(indianite)  and  hornblende,  chiefly,  with  accessory  minerals  garnet,  and 
minute  quantities  of  chondrodite  (?).  In  structure  the  rock  is  a  crystalline  granular 
aggregate  of  anorthite,  with  rather  elongated  prisms  of  hornblende,  sparsely  or 
numerously  arranged  with  their  long  axes  roughly  parallel  to  the  foliation. 

The  rock  is  well  foliated  in  bands  which  generally  run  perfectly  straight,  and 
which  differ  in  the  relative  amounts  of  the  pale  mineral  (anorthite)  and  of  the  dark 
mineral  (hornblende)  present.    (See  Plate  7.  fig- ».)  ,  ,   , 

In  some  places  the  hornblende,  in  others  the  anorthite,  make  up  nearly  the  whole 
rock  Garnets  also  become  locally  very  numerous.  The  specific  gravity  of  a 
specimen  with  but  little  hornblende  and  garnet  was  found  to  be  a '824.  In  this 
respect  it  closely  resembles  anorthite,  the  specific  gravity  being  a  little  higher  than 
that  of  the  latter  on  account  of  the  hornblende. 

It  is  among  this  gneiss  that  the  corundum  appears,  dotted  about  at  random 
among  it  like  porphyritic  crystals  of  orthoclase  in  a  granite.  The  mineralogical 
composition,  structure,  and  general  appearance  of  the  rock-matrix  here  is  plainly 
the  same  as  that  recorded  by  Count  de  Boumon  from  the  Salem  district,  and  named 
'•  Indianite "  by  him.  The  microscopical  examination  of  the  two  rocks  shows 
them  to  be  practically  identical. 

In  some  sort  of  association  with  the  anorthite-gneiss,  which  is  not  disclosed  by 
any  exposures  on  the  ground,  there  must  occur  a  very 
Other  minerals  asio-  coarse  binary  granite  consisting  of  quartz  and  pink  or  flesh- 
ciated  with  the  gneiss.  ^.^jj^^f ^^j  orthoclase-felspar,  inasmuch  as  large  pieces  of  the 
latter,  and  beautifully  clear,  smaller  fragments  of  the  former  are  found  scattered 
over  the  ground  in  perfectly  fresh  lumps  and  showing  no  trace  of  rolling  by  the 
action  of  water. 

On  each  side  of  the  in  stiu  gneiss,  which  forms  the  rising  ground,  there  are 
gentle  slopes  of  the  same  rocks,  partly  or  wholly  buried  under  surface  material 
formed  of  the  broken -up  gneiss  and  with  here  and  there  a  recent  calcareous 
pisolitic  tufa,  derived  no  doubt  from  the  decomposition  of  the  lime-felspar 
(anorthite). 

The  corundum  of  the    The  corundum  occurs  in  two  ways  in  the  area  :— 
area. 

(O    In  the  bed-rocks  as  described  above. 

(2)    In  the  gentie  slope  of  debris  along  with  the  weathered  pieces  of  the 
bed-rock. 

It  is  of  a  pale  greenish-gray,  rarely  flesh  colour,  and  occurs  sparsely  distributed 
among  the  parts  of  the  gneiss  which  are  richer  in  anorthite.  It  takes  the  form 
of  irregular  lumps  averaging  from  one-fourth  to  one  inch  in  diameter.  They  do 
not,  as  a  rule,  show  the  prismatic  and  pyramidal  faces,  though  some  specimens 
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fnmi  this  l9calitf  in  tlie  Sonreir  Maseam  aie  in  the  form  ol  riiort  az-sided  prisms 
chaiacteriitic  of  corondnm.  Thej  exhibit,  bowever,  rhombohediml  clemvage,  which 
maj  be  detected  as  t.ia/t  and  verj  reg^ar  lines  crossing  one  another  at  an  angle 
of  aboot  95  degrees,  and  mled  as  it  were  at  fairly  r^olar  intervals.  These  fine 
lines  crossing  one  another  in  this  distinct  wayate  a  good  practical  distinction  in 
|be  field  between  this  ndneral  and  pieces  of  orthoclase,  or  other  felspar,  esped- 
ally  in  the  case  of  the  fierii-coloared  comndom,  which  at  first  sight  may  be  easily 
confounded  with  the  flesh-coloored  felspar  referred  to  in  the  previoos  paragraph. 
It  is  possible  that  some  of  the  lines  may  indicate  repeated  twinning,  bat  die  diffi- 
culty of  cutting  microscopic  sections  or  of  getting  sofficiently  thin  cleavage  flakes 
of  the  mineral,  make  it  at  present  impossible  to  decide  this  point. 

Nearly  all  these  pieces  of  the  mineral  are  sorronnded  by  a  shell  of  caldte 
from  onC'foarth  to  one-eighth  inch  thick,  in  which  they  lie  among  the  matrix. 
This  shell  appears  to  be  left  by  the  crystallising  oat  of  the  alanuna  (corondam) 
from  the  lime-bearing  felspar  fanorthite). 

The  corandam  found  in  the  debris  slopes  is  the  same  as  that  of  the  matrix 
rock,  inasmuch  as  the  former  is  simply  derived  from  the  latter  by  weathering. 

Besides  the  grey  corundum  noted  above,  and  the  flesh-coloured  variety  into 
which  it  passes,  there  are  to  be  found  fragments,  generally 
rub^rf  tS^r^r     "     minute,  of  red  corundum,  which  very  locally   pass    into 
^  ^  '  ruby.    The  brighter  coloured  pieces  of  these,  which  are 

but  seldom  larger  than  one-fourth  of  an  inch  in  diameter,  were  found  by  me  only  in 
the  more  homblendic  layers  of  the  gneiss ;  and  they  lie  in  it  surrounded  by  a 
shell  of  anorihite  partly  converted  into  calcite.  These  pieces  are  not  generally 
transparent,  but  dull  and  opaque,  and  of  a  red  currant  colour.  But  here  and 
there  minute  points  of  a  fairly  translucent  red  colour  may  be  detected,  and  I 
have  no  doubt  that  occasionally  rubies  of  value  have  been  extracted  from  these 
rocks,  as  is  reported  traditionally  and  by  Newbold  (Journal,  Roy.  Asiatic  Socy., 
vol.  VII,  p.  224). 
The  grey  and  the  flesh-coloured  corundum  are  found  all  over  the  area  to  the  south- 
west, south,  and  south-east  of  Sittampundi,  referred  to  in 
^^  Old  corundum  work-     ^^^  ^^^    ^^^  ^^^^^  workers  have  in  some  cases  taken  the 

trouble  to  break  up  the  rock-matrix  along  the  more  rocky 
parts  of  the  rising  ground,  and  so  to  extract  the  mineral  from  its  shell  of  carbonate 
of  lime.  But  more  generally  it  ha9  been  gathered  by  merely  grubbing  among  the 
debris  between  the  in  siiu  outcrops  and  along  the  slopes.  Shallow  excavations 
of  this  sort  a  foot  or  two  deep  are  to  be  met  with  all  over  the  area.  Women 
chiefly,  but  men  also,  take  part  in  the  search,  which  they  conduct  with  the  help 
of  a  small  digging  implement  and  a  basket.  The  searchers  pick  about  among 
the  talus  until  they  find  traces  of  corundum.  They  then  set  to  work  to  dig 
out  a  basketful  of  the  material  which  is  then  gone  over  by  hand,  the  fragments 
of  corundum  being  selected  readily  and  with  certainty  by  those  accustomed  to 
the  work. 

I  was  informed  that  the  grey  corundum  was  sold  locally  at  the  rate  of  eight 
seers  for  the  rupee,  and  that  a  man  can  collect  that  much  in  about  fifteen  days. 
The  red  corundum  with  occasional  clear  ruby  particles  is  more  locally  distributed 
and  I  only  know  of  one  set  of  small  workings  and  pits  at  a  point  one  and 
a   half  miles  south-east    by  east  of  Sittampundi   and    S.   8°  £.    of  Anagherry 
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bill.    There  are  seveial  openingB  along  one  line  of  strike  running  north-^est  by 
west  and  extending  for  about  ico  yards,  but  most  of  them  have  since  been  611ed  up 
by  the  faJling-in  of  the  sides.    One  mine  was  about  fifteen  feet  deep,  cut  out  along 
the  strike,  and  from  two  to  three  feet  wide.    It  had  been  much  deeper  (several 
yards  I  was  told)  but  had  subsquently  been  partly  filled  in  with  rubbish  from 
above.  Two  years  ago,lI  was  told,  this  mine  was  worked,  and  the  red  corundum  sold 
in  Tiruchengodu  for  i,  a,  3  and  4  rupees,  according  to  the  colour,  traiispareccy, 
and  size  of  the  pieces.    Figure  s,  plate  7,  is  a  rough  sketch-section  of  the  mine. 
A  piece  of  emery  was  picked  up  by  me  at  the  surface  of  the  ground  south-west 
of  Sittampundi,  but  the  rock  was  not  found  in  situ  any 
E"«'y-  where. 

There  seems  to  be  no  doubt  about  the  practical  uses  to  which  corundum 
can  be  put  as  an  abrading  and  polishing  agent  by  armour- 
Uses  of    conmdam.     ^   ^^^  lapidaries  in  the    country.    Mr.    Ball   surmises 
(Manual  of  the  Geol.  of  India,  pt.  Ill),   that  the  consumption  of  corundum  in 
India  must  be  considerable,  though  possibly  it  was  larger  formerly  than  now, 
as  the  trade  of  the  armourer  is  possibly  not  so  active  now  as  it  used  to  be. 

It  is  not  possible  without  making  some  careful  test  experiments  on  a  fairly 
large  scale  to  say  how  much  corundum,  relative  to  the 

dttS'^vaillble'!*  '^"''"     "^^^^'  ^*^^^^  ^^  present.    I  was  only  able  to  make  a  few 
experiments  with  a  few  coolies  in  collecting  the  mineral 
from  the  surface  from  which  an  average  of  about  |lb.  for  one  coolie  working  one 
day  can  be  deduced. 

If  mining  on  a  large  scale  in  the  bed-rock  be  ever  undertaken  and  found 
profitable,  we  might  expect  a  gradual  extension  of  the  pro- 
scifi?'"^  *""  *  ^""^  ductive  area  by  the  laying  bare  of  rocks  along  the  same 
strike,  and  by  enlarging  the  present  area  of  solid  rock  ex- 
posed after  the  surface  debris  has  been  cleared  away.  Hence  my  remarks  in  my 
letter  to  the  Government  of  Madras  of  35th  October  i894>  recommending  that  all 
facilities  should  be  given  to  the  leasing  of  the  mines,  so  that  their  productiveness 
may  be  tested  and  data  be  obtained  for  future  guidance.  Inasmuch  as  the  ordi- 
nary corundum  occurs  distributed  in  the  bed-rock  in  the  manner  I  have  indicated, 
and  not  in  veins  or  lodes  in  small  and  restricted  places,  there  is  no  probability 
that  the  mineral  will  suffer  a  rapid  exhaustion ;  because  it  is  certain  that  the  part 
now  visible  above  the  alluvium  is  only  a  fraction  of  what  lies  hidden  beneath  it. 

(2)  Paparapatti  area. 

Paparapatti  lies  ten  miles  north-west  of  Dharmapuri  town.  In  a  direct  line 
one  and  a  half  miles  away  to  the  westpuorth-west  is  a  range  of  rugged  hills,  and 
between  the  two  there  stretches  an  alluvial  plain  with  rock  out-cropping  here  and 
there.  Most  of  this  plain  is  taken  up  with  cultivation.  The  corundum  is  widely 
distributed  over  the  area.  As  an  indication  of  what  is  already  known  of  its  dis- 
tribution, I  have  traced  an  outline  map  from  the  one  inch  Survey  map  and  marked 
with  crosses  the  places  where  corundum  has  been  actually  seen  and  found  by  me 
(Plate  9).  It  does  not  follow  that  this  represents  the  limit  of  this  corundum  loca* 
lity,  but  no  information  as  to  the  extension  of  the  areas  could  be  obtained  at  the 
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time  of  my  visit,  which  was  cut  somewhat  short  by  a  pressing  demand  fAxn  tbe 
Madras  Government  to  visit  the  magnesite  area  of  the  Chatk  hills  near  Salem. 
As  in  the  Sittampnndi  area  the  surrounding  rocks  of  this  neighbourhood  are 
gneisses,  or  gnessic  rocks,  with  biotite  as  the  dark  mineral 
bourijTo'lfk!^''  "***"     V^^^^^    They  are  well  foliated,  with   a  foliation-strike 
approximately  N.  N.  E.— W.  S.  W.,  that  is  to  say,  agreeing 
widi  the  general  trend  of  the  hill  range  to  the  west  of  Paparapatti.    At  the  actual 
corundum  localities  there  is,  however,  no  appearance  of  a  homblende-anorthite 
rock  such  as  is  the  matrix  at  Sittampundi.    The  rock,  a  biotite-gneiss,  still  con- 
tinues the  same  in  character  over  the  whole  area,  with  the  exception  of  a  very 
local  change,  to  be  alluded  to  presently.    V^eins  of  a  y^rj  coarse  granite  with  red 
felspar  and  clear  white  quartz  penetrate  the  gneiss,  as  well  as  veins  of  a  closer- 
textured  purplish  granite.    There  are  other  intrusive  veins  of  dark  compact  trap. 
The  actual  matrix  of  the  corundum  in  this  area  is  apparently  an  altered  form 
of  the  biotite-gneiss.    Elliptical  (in  section)  or  lenticular 
corandai^**'"  ^  ^^     portions  of  the  gneiss  appear  to  have  had  their  minerals 
re-arranged  and  altered;  the  dark  mineral  bioiite  segre- 
gates into  an  outer  layer  surrounding  the  lenticular  portion,  whilst  the  central  parts 
of  it  remain  more  purely  formed  of  deep  flesh-coloured  orthoclase  (finely  crys« 
talline,  and  showing  under  the  microscope  a  fine   micro-pertbitic  intergrowth  of 
possibly  plagioclase)  the  amount  of  which   varies  with  the  amount  of  corundum 
present.  ^  Along  with  this  changed  appearance  of  the  gneiss  the  foliation  of  the 
rock  in  these  lenticular  patches  becomes  much  less  pronounced  and  occasionally 
disappears  altogether. 

The  size  of  these  patches  is  sometimes  as  much  as  3  or  4  feet  long  by  six 
inches  or  a  foot  across  where  actually  seen  in  the  rock ;  but  that  they  are  in  some 
parts  much  larger  is  shown  by  the  huge  lumps  of  the  changed  rock  found  lying  on 
the  hill-side. 

On  the  hill-sides  W.  N.  W.  of  Paparapatti  the  in  situ  gneiss  containing  these 
presumably  altered  lenticles,  with  corandam  developed  additionally,  may  be  seen 
but  rarely.  Even  then  the  hillside  is  so  completely  broken  up  and  weathered  into 
loose,  tumbled  blocks  that  it  is  quite  impossible  to  get  any  approach  to  a  natural 
section  showing  the  true  relation  between  the  areas  of  altered  and  unaltered  rock. 
The  corundum  here  differs  entirely  in  appearance  from  that  of  Sittampundi. 

^.  ,      .,  ,.       It  is  of  a  deep  purplish4)rown  or  sometimes  dark  greenish* 

The  corundum  itself.  ,  .  .     .       ,  11  n-     j    • 

grey  colour,  and  it  is  always  regularly   crystallised   into 

hexagonal  prisms  with  a  great  number  of  variously  inclined  pyramidal  faces  im* 

perfectly  developed,  and  so  giving  the  prism  an  elongated  barrel,  or  even  spindle 

shape  (see  plate  7,  fig.  3).    These  elongated  prisms  lie  towards  the  central  parts  of 

the  lenticttlar  patches  of  changed  gneiss  last  described,  arranged  in  any  direction, 

but  generally  with  a  tendency  to  an  imperfect  parallelism  of  their  long  axes  with 

the  long  direction  of  the  lenticle,  which  itself  again  is  roughly  parallel  to  the 

foliation  of  the  surrounding  gneiss. 

In  size  they  vary  from  extremely  minute  grains  and  crystals,  only  visible  in  a 

Tbesizeof  tbecorun-     Biicroscopic  section,  to  large  Crystals,  several  inches  long 

dam  cryitals,  deaf  age,     and  from  ^  to   I  inch  in  diameter.    The  characteristic^ 

*^  ihombohedral  cleavage  is  easily  made  manifest  by  breaking 
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the  crysuJs  and  sometimes  as  in  the  crystal  figured  (fig.  3)  tmces  of  the  cleavage 
planes  are  visible  on  the  prism  faces.  Occasionally  also  a  combination  of  the 
rhombohedron  and  prism  may  be  seen  in  a  single  crystal. 

Besides  the  generally  altered  rock  in  which  the  corundum  is  embedded,  each 

crystal  is  immediately  surrounded  by  a  shell  of  more  com- 
roun'd"the'*Ur'li'2d^^         I»<^'  orthoclase,  generally   flesh-coloured  but  sometimes 

white,  having  a  thickness  of  from  i  to  ^  inch.  When  a 
corundum  crystal  has  been  broken  out  or  has  dropped  out  from  the  rock,  the 
place  where  it  lay  can  always  be  disdnctly  recognised  by  this  shell  which  remains 
behind. 

It  is  clear  from  the  map  that  the  outcrops  of  the  rock  in  which  corundum 
ArrangemeDt    of  th«     occurs  lie  in  successive  lines,  roughly  parallel  to  the  strike 
eofondaro-bearlog  rock     of  the  gneiss,  namely,  N.  N.  E.— S.  S.  W.    This  seems  10 
^°  **°®''  show  that  the  particular  bed,  or  band,  of  the  gneiss  fruitful 

in  corundum,  is  repeated  by  the  foldings  of  the  rocks,  so  that  it  appears  several 
times  at  the  surface.  Should  this  tentative  conclusion  be  correct,  it  has  a  practical 
bearing  on  the  amount  of  corundum  in  the  locality,  because  it  makes  it  very  pro* 
bable  that  the  lines  of  fruitful  rock  which  have  continued  as  far  as  shown  on  the 
map  will  also  continue  further  in  the  same  direction  in  either  continuous  or  broken 
outcrop. 

There  are  two  ways  of  getting  the  mineral  here  corresponding  to  the  case  of 

Sittampundi,  91s.,  (i)  by  working  the  bed-rock  and  (2)  by 
JlingthJ^Uett.  *^     digging  in  the  talus  of  debris  at  the  foot  of  the  hills  and 

slopes.  No  extensive  working  of  the  bed-rock  has  been 
practised ;  but  the  richer  lumps  have  been  broken  up,  when  not  too  hard  or  too 
large  for  demolition  by  hand.  Numerous  shallow  pits  in  the  debris  and  half- 
decomposed  rock  have  been  made.  In  general,  it  may  be  said  that  the  mineral  is 
gathered  in  an  unsystematic,  casual  way,  not  as  a  regular  pursuit,  but  only  during 
the  hot  weather  or  at  times  when  the  soil  from  an  agricultural  point  of  view  re- 
quires no  attention ;  also  during  times  of  scarcity.  A  good  deal  is  also  gathered 
at  ploughing  times  and  at  any  time,  especially  after  rain,  by  being  picked  up 
when  met  with  without  special  search.  By  these  means  at  certain  times  the 
mineral  is  accumulated  and  sold  in  the  market  as  a  regular  article  of  commerce. 
Merchants  from  Madras  and  Bombayi  it  is  said,  buy  large  quantities  of  it  at  inter- 
vals when  the  local  collections  have  accumulated. 

As  in  the  case  Of  Sittampundi,  it  is  impossible  to  say  whether  working  the 

mineral  systematically  would  pay.  Such  a  question  can 
sc^^yitemat^cTllyr'^*     ^^^X  ^®  decided  by  actual  experiment  canied  on  in  such 

a  way  that  the  correct  average  percentage  of  corundum 
obtainable  from  a  given  amount  of  rock  may  be  deduced.  Towards  the  south- 
west of  the  corundum-bearing  area  there  is  a  strisam  of  water  which  is  said  to  be 
perennial.  This  could  be  turned  to  account  in  sifting  the  inore  finely  distributed 
particles  of  corundum  in  the  matrix  after  breaking  up  and  gentle  pounding.  These 
minute  grains  at  present  over-looked  are  as  valuable  as,  or  possibly  more  so,  than 
the  larger  fragments,  volume  for  volume ;  inasmuch  as  the  corundum  must  first 
be  reduced  to  the  granular  form  before  it  can  be  used  as  an  abrading 
agent. 
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On  the  whole  this  area  near  Paparapatti  is  a  decidedly  prombing  one.    The 
amount  of  comndum  present  in  the  rock  appears  to  be 
Conclusioo.  sometimes  considerable,  and  the  area  of  known  outcrops 

is  a  large  one. 

(3)  Rengofuram. 

So  far  as  I  know  personally,  and  also  by  report,  thb  locality  is  an  isolated  and 

Locmi't  V  *fte^  limited  one.  At  the  same  time  it  should  be  remembered 
t  y  imi  ^^^^  negative  evidence  goes  for  very  little  in  such  a  matter 

as  the  recognizing  of  small  pieces  of  corundum,  and  especially  in  uncultivated 
forest  land,  where  the  soil  is  never  disturbed. 

The  actual  place  of  the  corundum  is  two  miles  N.  by  E.  of  Rengopuram,  a 
village  on  the  outskirts  of  the  forest  land  near  Penagaram. 

Here  are  to  be  seen  two  pits  a  few  yards  apart.  The  newer  of  the  two  is  about 
15  feet  long  by  8  feet  broad,  and  5 — 8  feet  deep,  and  is  sunk 
^^  ^  ^*  through  a  rock  composed  of  alternate  layers  of  a  felspathic 

rock  and  a  hornblende  gneiss.  I  could  find  no  corundum  in  the  rock  itself 
although  I  made  a  careful  and  prolonged  search.  The  villagers  and  servants  with 
me  were  equally  unsuccessful.  The  mineral  was,  however,  abundant  in  the  surface 
d&ris  overlying  the  edges  of  the  mine.  It  is  possible  that  this  surface  material 
may  have  come  from  a  more  distant  point  by  a  movement  of  soil-cap  down  the 
slope.  The  difficulty  was  to  account  for  the  mine  which  had  been  carried  down 
some  distance  into  the  bed-rock. 

The  corundum  here  is  of  a  greenish  grey  colour  and  is  very  much  rounded  and 
The  cornndam  colour,  waterwom  into  holes,  and  even  slightly  honey-combed  (facts 
form,  etc.  supporting  the  belief  that  it  came  ^om   some  distance). 

Hexagonal  short  prisms  were  the  prevailing  forms  which  it  assumed,  and  most  of 
these  showed  a  tendency  to  break  up  parallel  to  the  basal  plane,  thus  forming 
irregular  plates.  There  is  no  good  basal  cleavage,  however,  the  rhombohedral 
cleavage  being  the  only  noticeable  one. 

(4)  Road  from  Dharmafuri  to  Morappur  near  6ih  milestone* 

The  first  of  the  )two  localities  embraced  under  the  above  heading  lies  one  mile 
south  of  the  6th  milestone  from  Dharmapuri,  at  the  foot  of  a  low  hill  a  little  west 
of  the  foot-path.  The  nature  of  the  rock,  and  the  mode  of  occurrence  of  the 
comndum  resemble  entirely  those  of  the  Paparapatti  area.  The  exposure  shows 
signs  of  having  been  worked  within  a  radius  of  a  few  yards.  I  could  not  find,  or 
hear  of  any  other  exposures  of  the  same  rock  in  the  neighbourhood.  The  low  hill 
range  west  of  the  Mukkunur  range  and  that  range  itself  are  petrologically  of  differ- 
ent constitution.  Here  as  before,  however,  negative  evidence  counts  for  very 
little.  A  band  of  the  corundum-bearing  rock  may  continue  from  this  outcrop 
though  hidden  from  view  at  present 

The  other  locatity  is  two  miles  north  of  the  same  milestone.  There  is  no  good 
exposure  of  the  rock.  A  few  fragments  in  a  field  alone  reveal  a  few  bits  of 
corundum  of  a  dark  grey  colour  set  in  a  very  fine-grained,  fissile  rock  almost 
resembling  a  phyllite  or  schist. 
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(5)  Selangapalaiyam. 

The  first  locality  I  visited  in  Coimbatore  district  was  the  above.    The  comndum 

Locality  occurs  scattered  in  fragments  and  rolled  pieces  in  a  field 

extending  from  near  Chinnanayakkannr  to  Selangapalaiyam. 

The  solid  rock  of  the  neighbourhood  is  veiy  imperfectly  seen.    There  are  no 

Nature  of  the  enclos-     rocky  masses  and  no  quarries.    So  far  as  one  can  gather 

ingrock.  from  fragmentary  observations,  the  rock  of  the  country 

here  is  a  muscovite-biotite  gneiss,  with  wavy  foliation,  and   with  veins  of  a  coarse 

binary  pinkish  graphic  granite  penetrating  it  irregularly. . 

The  fragments  of  corundum  are  of  a  pale  greyish  green  colour,  sometimes 

The  corandom,   and     brown  outside.    It  has  no  crystalline  form,  but  is  in  irregu- 

mode  of  gathering.  \^  lumps  varying  in  size  from  \  inch     to     i    and    a 

inches  across.    Nearly  all  are  rolled,  but  the  rhombohedral   cleavage  is  generally 

distinguishable. 

The  village  karnam  of  SelangapaUiyam  informed  me  that  it  was  not  gathered 
systematically,  but  picked  up  from  the  fields  chiefly  by  women,  during  the  rains. 
Perhaps  25  or  30  maunds  were  gathered  annually. 

(6)  Gopichettipalaiyam. 
This  is  a  limited  locality  like  the  last  and  is  simply  a  field,  from  the  surface  of 
Locality.  which  the  mineral  is  gathered.    The  village  magistrate  owns 

the  field»  No.  94*  which  is  about  half  a  mile  north  of  the 
travellers'  bun^:a]ow. 

The  only  rock  seen  in  ttiu\sLB  a  disintegrated  and  much  altered  homblende- 
g^^  gneiss.  The  corundum  is  of  a  dark  brown  colour,  more  nearly 

•roc  DTon  am.  resembling  that  of  Paparapatti  than  anything  else.  There 
was  a  fairly  large  quantity  of  it  scattered  over  the  field,  the  few  of  us  present  easily 
picking  up  pieces  of  the  size  of  walnuts.  Old  picked-over  heaps  of  rubbish  lined 
the  edge  of  the  field.  The  Revenue  Inspector  informed  me  that  this  was  the  only 
field  near  in  which  the  mineral  was  found  ;  that  a  contractor  from  Madras  came 
annually  and  took  away -all  the  corundum  he  could  find  ;  that  the  latter  employed 
30  or  40  coolie  women  who  worked  for  three  months  last  year  (1894)  and  collected 
altogether  two  large  cart-loads ;  that  each  woman  could  collect  ^  to  i  Madras 
measure  (  «  Rs.  80  weight)  every  day. 

This  field  struck  me  as  being  singularly  productive.  The  rock  beneath  is  pro- 
bably very  rich. 

(7)  Karutapataiyam. 

The  above  village  lies  about  two  miles  W.  N.  W,  of  Sivamallai,  a  prominent 

temple-crowned  hill  in  the  Kangyam  taluk.    Between  the 

^ '  ^'  .  village  and  the  hill  there  stretches  a  row  of  six  or  seven 

small  rocky  hillocks  composed  of  the  same  gneiss  as  the  hill  itself.    The  hillocks  in 

fact  are  structurally  a  W;  N.  W.  continuation  of  the  Sivamallai  mass. 

Two  rocks  of  different  composition  and  structure  are  conneaed  with  the  appear- 

•    K^    •  ^^^  ^^  corundum  at  this  place.    The  one  is  the  pale  grey 

rodu!  "•«hbonriog         ^^^  ^^  ^y^^  Sivamallai  hill,  and  the  other  a  coarse  granite 

intruded  as  veins  into  the  gneiss. 

The  former  is  a  very  felspathic  rock  which  in  appearance  resembles  the  anor* 

c 
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thite  rock  of  Sittampandi.  It  is  composed  almost  wholly  of  plagioclase  felspar  and 
microcline  in  a  granular  condition.  A  small  quantity  of  biotite  or  of  hornblende 
and  iron-oxide,  with  another  minute  mineral  in  small  octahedra,  zircon  (?),  occur 
as  accessories.  The  last  was  brought  to  me  as  corundum  by  some  of  the  Sivamallai 
villagers. 

The  whole  rock  weathers  into  large  pale  ochre-coloured  blocks  forming  small 
tors. 

Along  the  northern  foot  of  these  hillocks,  between  Karutapallsiyam  and  the 
Tiruppur-Kangyam  road  and  extending  for  a  distance  of  one  mile,  there  are  a 
series  of  holes  and  trenches  made  by  the  owners  of  the  lands,  which  reveal  the 
coarse  granite  alluded  to  above,  it  is  a  dark  red,  white,  and  black  non-foliated 
rock,  composed  of  red  or  deep  flesh-coloured  felspar  which  is  a  form  of  orthoclase 
with  minute  intergrowths  of  probably  plagioclase,  quartz,  in  sometimes  very  clear 
lumps,  and  biotite  in  large  nests  of  small  plates. 

It  is  in  this  extremely  coarse  red  granite  that  the  corundum  is  found  as  large, 
The  corundum  occur-     well-preserved,  six-sided  crystals  of  a  dark  or  light  greenish- 
ring    in     the     coarse     grey  colour.    The  mineral  appears  in  this  completely  un- 
^*°'*®'  altered  rock  as  if  it  were  a  normal  mineralogical  constituent, 

or  at  least  accessory,  of  the  granite.  It  possesses  no  shell  of  any  other  mineral  as 
in  the  case  of  the  Sittampundi  and  other  localities  where  the  corundum  is  found  in 
its  matrix.  There  is  nothing  to  suggest  in  this  case  that  the  corundum  was  formed 
subsequently  to  the  matrix  in  which  it  lies ;  nothing  to  suggest  a  secondary  origin 
for  it. 

This  area  is  still  under  investigation,  but  in  the  meanwhile  it  is  noteworthy 
that  corundum  is  dug  chiefly  in  the  granite  along  the  line  of  contact  (or  very  nea^ 
it)  with  the  gneiss. 

This  is  not  the  place  to  introduce  theories;  but  should  the  mineral  be  afterwards 
shown  to  be  a  contact  phenomenon,  then  its  presence  in  the  gneiss  at  Sittampundi 
as  a  secondary  mineral,  and  its  presence  in  the  granite  of  Sivamallai  as  one  of  the 
same  age  as  its  matrix,  would  be  explained. 

The  mining  or  digging  out  of  the  corundum  near  Karutapallaiyam  is  quite  an 
Mining  the  corundum:     *c*»^«  industry  (1895)  On  a  Small  scale.    The  fields  on  the 
numerous    holes     and     northern  side  of  the  row  of  rocky  hillocks  of  waste  land 
trenches.  j,^yg  ^^^^  Xa^Ltn  up,  nOt  for  the  purpose  of  cultivation,  but 

for  corundum  mining.  There  are  a  number  of  irregular  holes  and  some  few  regu- 
lar trenches,  the  latter  following  W.  by  N. — E.  by  S.  (the  direction  of  strike  of  the 
gneiss  and  of  the  intrusive  veins  of  the  granite)  or  at  right  angles  to  this  direction. 
One  of  these  was  30  yards  long,  2  yards  wide,  and  ao  feet  deep.  Another  trench 
was  dug  along  a  direction  N.  E.  by  E.  for  1 5  yards.  It  was  ao  feet  deep  and  a 
ywds  wide,  and  it  followed  the  junction  of  the  granite  with  the  gneiss  which  here 
dipped  60°  N.W.  The  largest  and  most  productive  working  was  close  to  the  village 
of  Karutapallaiyam.  Here  were  obtained  some  very  large  crystals  of  corundum 
6—8  inches  across.  I  was  shown  a  basketful  of  the  mineral  weighing  about  14 
seers  (28  lbs)  gathered  during  the  day  of  eig^t  hours  by  four  men,  their  wives  and 
little  children. 

A  past  generation  are  reported  to  have  made  a  very  good  thing  out  of  the  corun- 
dum of  this  place,  when  the  stuff  sold  for  Rs.  40  per  podi «  193   Madras  measures. 
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Nowy  I  was  told,  only  Rs.  30  would  be  obtained  for  the  same  amount;  I  cannot 
say  how  much  confidence  is  to  be  placed  in  these  figures. 

On  the  whole  I  think  this  locality  is  perhaps  the  most  promising  that  I  have  so 
far  seen.    It  is  the  only  one  I  saw  in  private  land  that  was  in  active  working. 

At  Padjrar,  Shigrispalaiyam  and  Kundyankovil  in  the 

tlii?5aw?''*"***'  °**'     ^^^^"^'3^  ^^«  mineral  is  reported.    They  will  be  vUited  in 
due  course. 

SUMMART  AND  GENERAL  REMARKS. 

From  the  preceding  account,  it  is  clear  that  the  corundum  deposits  of  Salem 
and  Coimbatore,  so  far  as  they  have  been  at  present  exam- 

corand^nT*"*  *^^  ^^     *"^^'  ^^  ^°*    confined    to  one  well-marked  stratum  of 
fock,  of  a  constant  composition  and  definite  horizon.    The 
matrix  may  be,  as  we  have  seen,  (i)  anorthite  gneiss,  (2)  orthoclase  gneiss,  (3)   a 
fine-grained  schist,  (4)  a  coarse  graphic  granite. 

Thus  the  nature  of  the  bed-rock  of  any  area  would  not  be  a  guide  as  to  whether 
corundum  might  be  found  there  or  not. 

It  seems  possible,  however,  that  the  presence  in  or  near  of  a  coarse  granite,  \h^ 
trusive  among  the  bed-rock,  does  represent  a  condition  without  which  corundum 
fails  to  appear.    Further  discussion  of  this  point  is  reserved  at  present. 

Throughout  the  seven  areas  already  examined  the  mode  of  distribution  of  the 
mineral  in  the  matrix  is  generally  the  same,  that  is  to  say 
of  *«ll*  minlVi'^ln^^^^     *^ *8  *  scattered  distribuaon ;  the  crystals,  lumps,  or  grains 
varioas  matrices.  are  dispersed  at  intervals  through  the  rock*like  plums  in  a 

tion.*^**^'*^  distriba-  pudding,  or  porphyritic  crysUls  in  an  igneous  rock.  The 
particulars  of  this  distribution  in  the  various  cases  under 
notice  are  of  practical  importance,  (i)  The  richness  of  the  rock  varies  within  cer- 
tain limits  (which  cannot  be  obtained  without  a  prolonged  practical  test.  (2)  The 
presence  or  absence  of  a  shell  of  a  softer  mineral,  ^^.,  calcite  round  the  corundum, 
determines  the  ease  or  otherwise  with  which  it  can  be  extracted  pure  from  the  rock. 
For  instance  the  Sittampundi  rock  is  poorer  than  the  Karutapallaiyam  rock,  but 
the  former  can  be  got  out  nearly  pure  whilst  a  heap  of  the  latter  is  generally  half 
felspar. 

Nowhere  in  the  areas  that  I  have  seen  does  the  mineral  become  massive  and 

aggregated  into  layers  or  beds  as  in  the  well-known  Rewah 

corundum  as  at  ReJlahr     deposits  of  Pipra,  described  in   1872— 1873  by    Mallet 

{Records  G.  S,  of  India,  vol.  V.,  p.  so,  and  vol.  VI.,  p.  43), 

where  a  bed  of  several  yards  thick  (maximum  thirty  yards)  is  traceable  for|  mile. 

As  all  corundum  must  be  reduced  to  a  granular  coarse  powder  before  it  can  be 
used  by  lapidaries,  etc.,  it  is  open  to  question  whether  a  scattered  distribution  or  a 
massive  occurrence  is  the  more  easily  manipulated  form.  Massive  corundum  would 
certainly  present  difficulties  to  the  simple  form  of  working  adopted  at  present  by  the 
natives  of  Salem  and  Coimbatore. 

It  may  be  mentioned  that  the  so-called  '<  sand  vein  "  of  corundum  at  Culsagee  and 
Laurel  Creek,  United  States,  which  is  loose  and  incoherent,  and  can  be  worked  by 
the  hydraulic  process,  is  preferred  to  the  more  massive  crystalline  lumps,  as  it  saves 
the  labour  of  pulverizing  (see  Mineral  Resources  of  U.  S.  by  T.  M.  Chatard, 
P-  7M). 

c  2 
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At  Sittampundi,  rubies  have  been  found   as  detailed  before  in  this  report. 

Sapphires  are  also   mentioned  by  Newbold  as  having  been 

do^"  forro*  of  corun-      j^^^,^  -^^  ^^^  ^ jj^y  ^|  ^^^   Cauvery  (fournal,  Roy.   Asiatic 

Soc,  vol.  VIII.,  p..  153).    This  is  rather  a  wide  field,  and 

so  far  I  have  been  unable  to  corroborate  the  statement. 

It  may  be  mentioned,  however,  that  the  form  and  shape  of  the  crystals  in  the 
Paparapatti  and  Karutapallaiyam  areas  and  their  mode  of 
reMe7i"if  th^se  diSs  distribution  very  much  resemble  the  like  conditions  under 
similar  in  appearance  which  the  Sapphires  of  Zanskar  in  Kashmir  appear.  In 
h?  Za'nsfair!^''  »«pphirc«  ^^^  ^^^^  ^j^^  ^^^^^^^  jj^^^.  ^^  ^^^^^  ^^  ^  ^^^  greenish  or 
reddish  grey,  whilst  in  Zanskar»  they  are  of  a  bluish  grey, 
which  locally  becomes  a  deep  violet-blue  (sapphire).  The  colouring  of  inch  mine- 
rals, depending  as  it  does  on  accidental  impurities  in  them,  may  easily  vary.  The 
finding  of  sapphires  in  the  corundum  areas  of  Salem  and  Coimbatore  is  therefore 
quite  possible. 

The  mode  of  occurrence  of  the  corundum  in  Salem  and  Coimbatore  in  rock 
masses  which  appear  only  at  intervals  above  the  alluvium* 
ofcoinudu^^''  "^^'^  *>*»t  '^^^ch  have  a  very  extended  distribution,  shows  that 
the  area  of  productive  rock  is  practially  inexhaustible.  As 
a  petty  article  of  commerce,  therefore,  so  long  as  corundum  is  used  in  the  arts,  it 
will  be  woiked  in  a  desultory  way.  Whether  it  will  ever  rise  to  be  an  important 
Item  in  the  trade  of  the  Presidency  or  not,  depends  on  so  many  causes  and  condi- 
tions of  demand,  labour,  opportunity,  fashion,  capital,  boom,  etc.,  that  I  can  give 
DO  opinion  thereon. 


On  the  occurrence  of  blue  Corundum  and  Kyanite  in  the  Manbhum  Dis- 
trict, Bengal.  By  H.  Warth,  D.Sc,  Deputy  Superintendent,  Geolo- 
gical Survey  of  India. 

Near  the  village  of  Salbanni,  four  miles  east-south-east  of  Balarampur  on  the 
Bengal  Nagpur  Railway,  I  found  in  October,  1895,  a  large  vein  of  kyanite  with  blue 
corundum  exposed  in  a  road*cutting.  The  vein  follows  the  strike  of  the  recks  and 
the  boundary  line  between  the  transitions  and  metamorphics,  running  a  little  to 
the  south  of  east.  This  boundary  is  described  in  Ball's  memoir  on  Manbhum  and 
Singbhum  as  being  formed  by  a  fault  rock  of  pseudomorphic,  and  sometimes 
massive,  quartz,  which  contains  much  limonite  and  in  some  places  coj^er. 

The  kyanite  occurs  with  micaceous  beds  in  coarse-grained  quartz-rock,  which 
forms  here  a  slightly  elevated  broad  ridge  parallel  and  close  to  the  boundary,  about 
one-fourth  mile  to  the  north  of  the  ridge  of  fine-grained  splintery  quartzite  with  which 
the  transition  rocks  terminate. 

The  coarse-grained  quartz-rock  contains  much  tourmaline,  rendering  whole  beds 
of  the  quartz  banded  or  entirely  black.  Tourmaline  is  also  abundant  in  the  quart* 
zite  which  extends  about  one  mile  further  from  the  kyanite  vein  on  the  side  of  the 
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metamorphics.  These  quaitzites  are  invaded  by  a  number  of  small  veins  of  peg- 
matite associated  with  schist  and  dykes  of  hornblendic  rocks.  On  the  other  side  of 
the  boundary  I  found  the  usual  association  slate  and  quartzite  which  constitute  the 
transition  area  to  the  south-east  of  Barahabham.  The  quartzite  forms  at  the 
boundary  a  straight  ridge  parallel  to  the  strike  of  the  rocks,  running  for  a  mile 
or  more  i\ith  a  constant  bearing  of  £.  10°  S.  and  W.  10^  N.,  whilst  the  dip 
is  to  northwards.  Dioritic  intrusive  rocks  which  are  abundant  were  seen  in  one 
case  to  follow  the  strike  of  the  bedded  rocks  and  even  to  weather  and  peal  off  in  the 
direction  of  the  strike. 

Near  the  kyanite  vein  I  also  found  on  the  surface  of  the  ground  occasional 
crystals  of  rutile.  They  were  well  developed,  tetragonal  combinations,  sometimes 
half  an  inch  in  thickness,  sometimes  forming  geniculate  twins.  The  kyanite  vein 
shown  in  the  road-cutting  near  Salbanni  is  about  two  feet  thick,  and  the  crystals 
measure  sometimes  nine  inches  in  length  and  are  of  a  pale  and  sometimes  variegated 
blue  colour.  They  are  intergrown  with  colourless  mica  and  crystals  of  corundum. 
The  latter  crystals  are  usually  simple  tapering  prisms  from  half  an  inch  to  three 
inches  in  thickness,  and  are  arranged  without  discoverable  crystallographic 
regularity  in  the  kyanite.  A  layer  of  mica,  one-eighth  to  one-fourth  inch  thickness, 
usually  forms  a  coating  bet\seen  the  corundum  and  the  kyanite.  The  corundum 
Is  of  an  exquisite  deep  blue  colour.  Some  of  the  largest  crystals,  one  parti- 
cularly of  six  inches  length  and  31b  in  weight,  being  of  dark  sapphire  blue 
throughout.  Others  are  blue  at  the  margins  and  colourless  in  the  centre,  and  in 
still  others  the  colouring  is  irregularly  distributed,  a  feature  characteristic  of  real 
sapphires  such  as  occur  in  Cashmere.  Small  portions  of  some  of  the  blue  crystals 
are  transparent,  but  in  the  majority  the  transparency  is  destroyed  by  cleavage 
and  twinning  planes. 

The  kyanite  vein  was  traced  to  a  distance  of  three  miles  on  either  side  of  Salbanni. 
The  greatest  thickness  of  the  vein  was  observed  about  one  mile  to  the  west-north- 
west of  Salbanni  near  the  village  of  Girgirdeeh.  Some  blocks  were  here  exposed 
which  were  parts  of  a  vein  40  inches  thick.  The  blades  of  kyanite  were  vertical  to 
the  walls  of  the  vein,  and  on  both  sides  as  well  as  in  the  middle  there  was  a 
a -inch  layer  of  mica.  I  also  observed  tourmalinei  but  the  corundum  occurred  only 
in  traces. 

Corundum  was  also  observed  near  the  village  of  Gobindpur,  about  two  miles 
west-north-west  of  Salbanni.  In  the  opposite  direction  I  examined  the  section 
along  the  road  from  Barahabhum  direct  to  Purulia.  Neither  kyanite  nor  corundum 
however  were  observed,  but  this  might  be  due  to  accidental  covering  by 
alluvium,  and  the  whole  of  the  boundary  would  have  to  be  examined  before  the 
corundum  and  kyanite  occurrence  could  be  limited  with  certainty  to  the  above- 
mentioned  length  of  six  miles. 
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On  the  papers  by  Dr.  Kossmat^  and  Dr.  Kurtz,'  and  on  the  ancient 
Geography  of  ''  Gondwdna-iand;'  by  W.  T.  BlanporO,  LL.D., 
F.R.S. 

Translations  of  two  important  pakeontological  papers  have  appeared  in  the 
second  and  third  parts  resp>ectively  of  the  '  Records '  for  1895.  The  first,  bj  Dr. 
Franz  Kossmat,  deals  with  "  the  importance  of  the  cretaceous  rocks  of  Southern 
India  in  estimating  the  geographical  conditions  during  later  cretaceous  times/'  the 
second^  by  Dr.  F.  Kurtz,  contaiiu  an  extract  from  '*  contributions  to  Argentine 
Paiaeophytologj/'  and  treats  of  "  the  existence  of  the  Lower  Gondwina  flora  in  the 
Argentine  Republic." 

At  the  first  glance  it  would  almost  appear  as  if  the  first  paper  had  but  littl.e 
connection  with  the  Geology  of  Indian  and  the  second  paper  none  at  all,  and  in  one 
sense  this  is  true.  But  there  is  nothing  more  remariabie  in  the  history  of  Indian 
Geology  for  the  last  30  or  40  years  than  the  light  which  has  been  alternately  shed 
upon  India  by  discoveries  in  other  countries,  especially  in  the  continental  masses  of 
the  southern  hemisphere,  and  reflected  from  India  upon  the  southern  continents. 
Dr.  Kossmat's  paper  confirms  in  the  strongest  and  most  convincing  manner  a 
theory  suggested  by  certain  details  of  Indian  cretaceous  palaeontology,  and  traced 
out  originally  by  Indian  Geologists,  and  Dr.  Kurtz's  discovery  makes  known  a 
great  extension  in  upper  palaeozoic  times  of  the  southern  continent,  of  which  India 
formed  part,  and  which  is  widely  known  by  an  Indian  name,  the  Gondwina  land  of 
Suess. 

There  are  points  in  both  papers  on  which  a  few  remarks  may  be  added.  This 
is  especially  the  case  with  Dr.  Kurtz's  paper,  because  there  are  other  recent  dis- 
coveries in  South  American  Geology  of  interest  to  Indian  Geologists.  It  is,  how- 
ever, convenient  to  refer  to  Dr.  Kossmat's  paper  first,  as  it  was  the  earlier  in  date, 
and  the  first  remark  to  be  made  may  be  regarded  as  a  criticism. 

Dr.  Kossmat's  Paper. 

Dr.  Eossmat  appears  to  have  overlooked  the  fact  that  the  distinction  of  the 
uppermost  portion  of  the  cretaceous  system,  the  beds  with  Nautilus  dantcus,  as  the 
Ninnyur  group,  the  original  suggestion  of  which  distinction  he  attributes  to  Mons. 
H.  LeveilM,  in  1889*  was  clearly  indicated  in  my  brother's  (Mr.  H.  F.  Blanford's) 
original  memoir,^  and  still  more  distinctly  in  the  "  Manual  of  the  Geology  of 
India."*  In  fact  M.  Leveill^  took  all  his  data  about  the  Ninnyur  group  from  the 
Manual,  for  he  expressly  stated  that  in  the  ground  examined  by  him  near  Pondi- 
cherry  he  was  unable  to  distinguish  the  two  groups,  Ariyalur  and  Ninnyur,  although 
he  believed  that  both  occurred.  That  the  Ninnyur  beds  should  be  separated  from 
the  Ariyalur  groups  as  a  higher  subdivision  was,  I  know,  my  brother's  decided 

»  Rfcordi,  Vol.  XXVin.  Pt.  a.  p.  39. 

•  Ibid,,  Pfc.  3.  p.  I"- 

»  BulL  Sot.  GfoL,FtaHCt.,  XVIII,  p.  146. 

*  M«m.,  Geoi.  Surv.,  Ind,,  IV,  p.  141  (1863). 
'   I  st  Ed.,  p.  287  ;  2nd  Ed.,  p.  243. 


PART  9.]     BlaNPORD  :   Ancient  GeosiTaphy  of '' Gondivdna-land'^        ;3 

opinion,  for  I  have  often  heard  him  speak  on  the  subject.  That  the  Ninnynr  beds 
have  not  been  more  clearly  distinguished  in  the  Palaonlologia  Indica  is  probably 
dae  to  the  fact  that  the  magnificent  description  of  the  South  Indian  cretaceous 
fossils  is  an  unfinished  work.  It  had  always  been  Stoliczka's  hope  and  eipectation 
(as  was  mentioned  in  the  Manual,  ist  Ed.,  p.  273,  foot-note),  after  finishing  the 
description  of  the  collections  made  by  the  survey,  to  visit  the  localities  from  which 
they  were  derived,  and  to  study  the  rocks,'  which  he  had  never  seen  on  the  ground. 
Had  he  done  so,  questions  like  the  separation  of  the  Ninnyur  beds  and  the  relations 
to  each  other  of  the  Valadayur  and  Ariyalur  beds  of  Pondicherry  would  have  been 
decided  long  since.  Unfortunately  Dr.  Stoliczka's  description  of  the  South  Indian 
cretaceous  fauna  was  only  completed  just  before  his  departure  in  1873  with  the 
Mission  to  Yarkand,  which  proved  fatal  to  him. 

As  regards  the  union  of  the  Ariyalur  and  Valudayur  beds  of  Pondicherry,  in 
favour  of  which  Dr.  Kossmat  expresses  himself  very  strongly,  it  should  not  be 
forgotten  that  in  the  area  mentioned  the  beds  dip  at  low  angles  and  are  very  rarely 
seen,  being  greatly  concealed  by  surface  accumulations,  also  that  the  majority  of 
the  fossils  have  been  picked  up  on  the  surface  of  the  ground  in  a  way  that  renders 
it  difficult,  unless  their  origin  can  be  determined  by  mineral  character,  to  say 
exactly  from  what  bed  they  have  been  derived.  My  brother  came  to  the  conclusion 
that  the  two  groups  were  distinct,  after  a  thorough  examination  of  the  ground,  and 
pointed  out  (-^^w.,  G.  5. /.,  IV,  p.  155)  that  the  Valudayur  beds  differed  both 
lithologically  and  pala&ontologically  from  the  overlying  Ariyalurs,  and  that  the 
latter  contained  pebbles  derived  from  the  former,  l^he  great  advance  that  has 
taken  place  in  the  knowledge  of  cretaceous  ammonites  since  my  brother  an  i 
Stoliczka  wrote,  may  fully  justify  Dr.  Kossmat's  conclusion  that  the  Valudayur  beds 
are  not  of  Utatur  age  but  newer,  without  proving  that  they  should  be  united  with  the 
overlying  Ariyalur  strata.  It  is  never  quite  safe  to  reject  conclusions  formed  on 
examination  of  rocks  in  the  field  without  re-examination. 

These  questions,  however,  though  of  local  interest,  are  comparatively  trivial. 
The  importance  of  Dr.  Kossmat's  paper  to  Geology  in  its  truest  and  highest  sense— 
to  the  history  of  the  world — is  due  to  the  manner  in  which,  by  a  masterly  study  of 
the  distribution  of  ammonites  and  other  cephalopoda,  he  has  traced  out  the  old 
coast-lines  of  cretaceous  continents  and  has  confirmed  the  opinion  expressed  in  the 
Manual  of  1879I  that  a  land  barrier  must  have  extended  in  cretaceous  limes  from 
India  to  South  Africa*  across  the  Indian  Ocean,  and  that  the  cretaceous  beds  of 
Frichinopoly  and  those  of  the  Nerbudda  were  on  opposite  sides  of  this  barrier. 

Since  its  first  publication  various  discoveries  have  contributed  to  support  the 
view  just  noticed.  The  evidence  brought  forward  in  favour  of  a  land  connection 
between  India  and  South  Africa,  by  way  of  the  Maldives  and  Mascarene  islands,  in 
both  newer  palaeozoic  and  mesozoic  times,  was  strongly  confirmed  by  Neumayr's* 

»  Introduction,  p.  XXXIX,  also  remarks  on  pp.  LXVIII  and  LXXII,  also  p.  297. 

■  In  the  translation  of  Dr.  Kossmat's  paper,  Records,  XXVIII,  p.  42,  ••  Die  Annahme 
etner  ehemalis:en  Land  verb!  ndiing  zwischen  Sudlndlen  and  Hochafrica''  is  represented  by 
"  the  theory  of  the  former  existence  of  land  between  the  south  of  India  and  the  nOrth  of 
Africa.  I  would  suggest  that  by  Hochafrica  Dr.  Koismat  means  the  African  highlands,  not 
the  north  of  Africa*  There  is  land  connection  between  Southern  India  and  Northern  Africa 
at  the  present  day. 

•  DtHkMchr.  K.  K,  Ak.  Wiu.  Witn.  M.  N.  Kl.  Bd.  I  (1885),   p.  13a,  map  i. 
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perfectly  independent  evidence  from  Jurassic  data^  published  in  1885,  and  in  1890 
I  brought^  forward  some  additional  facts,  mainly  zoological,  leading  to  the  same 
conclusion.  Lately  a  very  remarkable  addition  to  the  evidence  has  been  furnished 
by  Admiral  Wharton,  Hydrographer  to  the  Admiralty.  In  his  Presidential  address 
to  the  Section  of  Geography  in  the  British  Association  at  Oxford'  he  points  out  that 
the  north-western  part  of  the  Indian  Ocean  is  apparently  cut  off  from  the  main 
oceanic  basin  by  a  shallow  belt  probably  extending  from  the  Seychelle  Islands  to 
the  Maldives,  it  being  of  course  understood  that  the  Seychelles  are  also  connected 
by  comparatively  shallow  tracts  with  Madagascar  and  Africa  and  the  Maldives  with 
India.  The  isolation  of  the  north-western  basin  is  inferred  from  the  warmer 
temperature  of  the  deep  water.  It  is  a  well-known  fact  that  where  free  circulation 
takes  place  between  the  depths  of  tropical  and  temperate  oceans  and  the  seas  of 
Arctic  or  Antarctic  regions  the  bottom  temperature  is  much  lower  than  when  belts 
of  shallower  water  intervene  to  prevent  the  heavy  cold  currents  of  arctic  derivation 
from  flowing  into  any  oceanic  tract. 

There  is  no  more  certain  test  of  theory  than  independent  evidence.  In  thig 
case  the  inference  from  purely  palaeontological  data  that  a  belt  of  land  must  have 
connected  India  with  South  Africa  in  pre-tertiary  times  has  already  received  some 
confirmation  from  the  present  distribution  of  animals,  and  now,  from  a  totally 
different  quarter,  and  from  a  branch  of  scientific  enquiry  entirely  unconnected  with 
biology  or  geology,  comes  this  striking  confirmation  of  the  original  hypothesis.  It 
is  scarcely  necessary  to  point  out  that  if,  in  cretaceous  times,  a  land  area  extended 
from  India  to  Africa,  and  if  sufficient  depression  took  place  in  the  tertiary  era  to 
submerge  the  whole  of  the  connecting  tract  beneath  the  sea,  just  such  a  com- 
paratively shallow  barrier  between  the  depths  of  the  main  Indian  Ocean  and  its 
north-western  portion  would  probably  remain,  as  is  now  indicated  by  the  tempera- 
ture of  the  deep  water. 

Another  most  interesting  part  of  the  evidence  brought  forward  by  Dr.  Kossmat 
is  that  relative  to  the  distinctions  between  the  cretaceous  fauna  of  the  Atlantic 
T:oasts  of  America  and  the  contemporary  fauna  of  the  Pacific,  the  latter,  as  was 
shewn  by  Stoliczka  to  some  extent,  being  intimately  connected  with  that  of  India. 
The  resemblance  of  the  cretaceous  faunas  in  India  and  California,  it  may  be 
remembered,  is  by  no  means  confined  to  cephalopoda.  The  natural  inference 
would  appear  to  be  that  North  and  South  America  were  united  m  cretaceous  timee. 
It  is  evident  that  the  union  was  broken  up  very  early  in  the  tertiary  era,  for  the 
eocene  mammals  of  Argentina  are  quite  different  from  those  of  the  United  States, 
and  it  is  not  improbable  that  temporary  connections  during  small  portions  of 
cretaceous  time  between  the  Atlantic  and  Pacific,  rather  than  persistent  arms  of 
the  sea  from  one  ocean  to  the  other,  may  account  for  some  of  the  occurrences 
of  Atlantic  forms  on  the  Pacific  Coast  to  which  Dr.  Kossmat  refers,  as  in  the  similar 
case  of  identical  upper  Jurassic  or  lower  neocomian  fossils  {Trtgonia  Smcei^ 
T.  ventricosa)  occurring  on  both  sides  of  the  Indian  Peninsula.  The  question 
of  the  ancient  Physical  Geography  of  the  great  western  continent  is,  however, 
of  secondary  importance  to  Indian  geologists. 

*  Quatt,  y»ut.^  G^.  Soe  Pvoaedingt,  pp.  88-99. 

•  i?#^.,  BfiU  AsMOCt  1894,  p.  706, 
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Dr.  Kurtz's  Paper. 

Before  passing  on  to  any  remarks  on  the  discovery  in  Argentina,  I  should  add 
that  I  have  learned  from  Mr.  Griesbach  that  important  additions  have  been  made, 
since  the  publication  of  Dr.  Kurtz's  paper,  to  the  number  of  Lower  Gondwdna 
plant-fossils  that  have  been  found  there.  These  must  add  greatly  to  the  import- 
ance of  the  flora  and  can  scarcely  fail  to  throw  some  additional  light  on  its  affinities 
and  perhaps  on  the  distribution  of  land  in  upper  palaeozoic  times. 

Meantime  it  may  be  useful  to  recapitulate  the  principal  facts  already  ascertained 
concerning  the  occurrence  of  plants  with  Gondwdna  affinities  in  South  America. 
It  was  known  as  long  since  as  1876,^  that  an  Esther ia,  identified  with  that  found  in 
the  Kimthi  beds  at  Mingli,  south  of  Ndgpur,  together  with  certain  fossil  plants, 
regarded  as  of  rhaetic  age,  had  been  found  in  the  Argentine  Republic.  The 
plants  were  the  following  :— 

ALGJEi 

CkondtUts  fliar#jf#WactM,  Gein. 

FUNGI : 

XjfUnUn  9p,  Coijf.  A.  Zamita,  GOpp. 

fILICES  I 

Thinnfeldia  eroisinetvis,  G«in. 

Th.  f  tfnuinerviM,  Gein. 

P'  ehypteris  sieignfriana,  Gein. 

OUpUrii  argfntinita^  Gein. 

Hymenophyllitts  m0mdo»aenait^  Geio. 

/r.  sp. 

Baieta*  taniata^  Braun. 

Pecopierii  ifuttis,  Schouw,  Brogn. 

Taniopuris  mareyesiatat  Gein. 

CYCADBAB  : 

Pt0rophyllum  oeynkausianum,  G5pp« 

CONIFSRABx 

PalisMya  irmuni,  Endl.  Tar.  minor,  Gein. 
Spkmnolepit  rkaiica,  Gein. 

There  were  also  found  scales  of  Semtonoius  (a  Ganoid  fish). 

Of  these  plants  Baitra  imniaiat  Pttrophyllum  ofynhausianum  and  Palissya 
irauni  were  represented  as  identical  with  European  rhaetic  plants  and  Pic^P' 
teris  Unui%  with  a  liassic  form.  No  species  was  at  first  identified  with  any 
form  belonging  to  the  Indian  or  Australian  fossil  flora.  As  regards  Estheria 
mangalienm^  the  discovery  of  which  in  Argentina  was  prominently  noticed  in  the 
Records  by  Dr.  Feistmantel,*  no  great  weight  can  be  attached  to  the  identification 
of  these  small  crustaceans,  of  which  many  closely-allied  species  have  been  de- 
scribed.   Thus  the  connection  between  the  "  Rhaetic  *'  flora  of  Argentina  and .  the 

I  Bettrag  sar  Geologic  n.  Palaeontologie  der  Argentintschen  Repablik.  Pal  aeon  tologifche 
Theil,  II  Abth.  Ueber  rhsetische  Pflanaen  u.  Thierreste  in  den  Argenttnischen  Provinzen 
La  Rioja,  San  Jaan  und  Mendoza.     Von  Dr.  H.  B.  Geinitz.  Cassel.  1876. 

'  This   genua  is  now  regarded  by  many  palaeobotanists  as  a  conifer  allied    to  Gtngko 

•  Rtc.  G.  S.  /.,  1877,  X,  p.  26. 
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Upper  Gondwana  flora  of  India  was  quite  insufficient  at  the  time  when  the  first 
edition  of  the  "  Manual "  was  published  in  1879  to  deserve  notice. 

In  fact  the  first  addition  to  our  knowledge  of  the  Argentine  flora  that  had  a 
really  important  bearing  on  its  Gondwana  affinities  was  the  identiflcation  in  1880 
by  Nathorst  of  Tkinnfeldia  crassinervis,  Gein.  with  Pecopieris  odontopieroides^ 
Morris,  an  identification  confirmed  by  FeistmanteP  who  had  already  pointed  out 
the  similarity  of  the  two  forms.  The  importance  of  this  fossil  plant,  which  appei^ 
to  be  as  widely  distributed  in  the  upper  Gondwinas  as  GlostopterU  hrowniana  is 
in  the  lower,  was  at  that  time  gradually  attracting  attention,  as  the  same  species  had 
been  found,  although  rarely,  in  India,  and  its  occurrence  had  just  before  been 
noticed  in  the  Stormberg  beds  of  South  Africa,  in  which  it  appears  to  be  as 
common  and  characteristic  as  in  the  Hawkesbury  beds  of  Australia  and  in  the 
"  Rhaetic  "  of  Argentina. 

The  next  noteworthy  contribution  to  our  knowledge  of  Argentine  fossil  botany 
>vas  by  Dr.  Szajnocha  in  1888.^  He  described  a  collection  from  Cacheuta  in  the 
province  of  Mendoza  containing  the  species  below  enumerated. 

EquisetaciB, 

Sehitoneura  hoerensis  P  Hisinger. 
Filices. 

Sphen»pt€fis  €longaia,  Carntthers. 
PecopterU  SckonUinianat  Brogn. 
NeuropUfis  temota  P  Presl. 
Tkinnfeldia  odontopttroideSy  Morris. 
Tkinnfeldia  lancifoUa^  Morris. 
Taniopieris  mareysiaca^  Geinitz. 
Cardiopteris  Zuberi,  n.  sp, 
Cyeadees* 

PodoMamites  aff»  ensis,  Nathorst. 
PodoMamites  sckenekii,  Heer. 
ZeugophyUitet  elongaiuSf  Morris. 
Besides  fragments  of  Pteropkyllum  and  Ctenopkyllum,  and  'Estkeria   wumgaliemis  io 
abundance. 

The  plants  described  by  Geinitz  were  found  in  several  localities,  the  beds  at 
some  of  which,  as  Dr.  Szajnocha  pointed  out,  were  perhaps  of  rather  later  date 
than  those  of  Cacheuta.  This,  however,  is  not  of  much  importance.  The  striking 
fact  is  that  amongst  the  eleven  species  identified  by  Szajnocha,  no  less  than  five, 
Sphtnopieris  elongata,  Pecopieris  scAdnlemiana  (P.  lohifoUa  Morr.),  Tkinnfeldia 
odoniopteroides^  T.  lanafolia,  and  Zeugophylliies  elongatus^  are  characteristic 
Australian  types,  and  that  several  of  them  occur  in  the  upper  Gondw^a  of  India 
and  in  the  Stromberg  beds  of  South  Africa. 

Then,  in  1888,  a  letter  from  Mr.  Orville  A.  Derby,  Director  of  the  Geological 
Section  of  the  National  Museum  at  Rio  de  Janeiro,  was  published  by  Dr.  Waagen,' 
who,  it  will  be  remembered,  had,  in  the  previous  year,  written  an  important  paper 
on  the  Carboniferous  Glacial  period  {Car bone  Eiszeii),  of  which  paper  a  translation 
appeared  in  the  Records  for  1888,  p.  89.    In  this  paper  (Records,  t.  c,  p.    129) 

1  PoZ.  Ind„  Ser.  XII,  vol.  Ill,  pt.  9,  p.  85. 

*  Ueber  fossile  POanzenreste  aas  Cacheuta  in  der  Argentinischen  Repablic.     SHaungber, 
K,  Ahad.  Wisn  Wien,  Math.  Natarw.  01.  XCVII.  Abth.  i,  p.  219. 

•  Neu.  JaArb,f,  Min.,  etc.  1888,  II,  p.  17a.     Translated  in  Records,  G.  S,  /.,  1889,  p.  69. 

\ 
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Waagen  stated  that,  so  far  as  he  was  aware,  South  America  was  the  only  continental 
mass  in  which  glacial  formations  had  not  been  observed,  either  in  carboniferous  or 
permian  deposits.  Mr.  Derby,  however,  described  certain  beds  of  carboniferous 
age,  in  the  province  of  San  Paulo  in  Southern  Brazil,  containing  rolled  pebbles 
from  the  size  of  a  fist  to  quadruple  the  size  of  a  man's  head,  embedded  in  the 
finest  shale ;  in  another  place  in  the  same  province,  near  the  town  of  Itu,  isolated 
rounded  blocks,  some  of  them  a  foot  and  a  half  in  diameter  or  more,  in  excessively 
fine  sandy  shale.  In  yet  another  place  even  larger  blocks,  apparently  derived 
from  shale,  were  seen,  some  of  them  more  than  a  metre  in  diameter  and  consist- 
ing of  gneiss,  granite,  and  hard  conglomerate  all  mingled  together.  In  short, 
there  can  be  very  little  doubt  that  the  beds  discovered  by  Mr.  Derby  exhibit  the 
characteristic  features  of  the  Talchir  boulder  bed,  and  if  the  peculiar  character  of 
the  latter  is  due  to  glacial  agency,  the  same  agency  must  have  influenced  the  forma- 
tion of  the  Brazilian  deposit.  The  boulder  beds  of  San  Paulo  are  300  or  400  miles 
north  of  the  localities  in  Rio  Grande  do  Sul,  where  fossil  plants  have  been 
discovered,  but  so  &ir  as  can  be  judged  from  Mr.  Derb/s  papers  the  formation  is 
the  same. 

And  now  these  discoveries,  one  after  the  other,  of  the  exceptional  characters 
that  have  made  the  Indian,  Australian  and  South  African  beds  famous  in  the 
history  of  Geological  Science,  have  been  completed  by  the  recognition  in  South 
America  of  that  remarkable  and  characteristic  flora  which  first  drew  attention  to 
the  whole  question.  It  is  curious  how  the  t}'pical  forms  of  the  Lower  and  of  the 
Upper  Gondwanas  have  been  gradually  traced  in  India,  Australia  and  South 
Africa,  how  in  each  case  a  peculiar  boulder  bed  has  been  found  associated  with 
them,  and  how  every  one  of  the  same  peculiar  features  has  now  been  met  with  in 
South  America.  Not  the  least  remarkable  fact,  moreover,  is  the  peculiarly  Indian 
facies  of  the  Argentine  flora,  the  association  of  Neuropteridium  valid  urn,  Feistm. 
Gangamopieris  cyclopUroides,  Feistm.,  and  Noeggeraihiopsis  hisolpi,  Feistm,,  being 
characteristic  of  the  Karharbari  beds  of  Western  Bengal,  and  one  of  the  species 
Neuropteridium  validum,  not  having  hitherto  been  found  in  Australia  or  South 
Africa  so  far  as  I  am  aware. 

It  has  long  been  understood  that  coal-bearing  beds  with  Lepidodendron  and 
other  fossil  plants  of  the  ordinary  northern  carboniferous  type  occur  in  southern 
Brazil.  What  these  plants  really  are  will  appear  presently,  but  their  existence 
made  it  far  from  remarkable  that  lower  carboniferous  (culm)  forms  should  be 
discovered  in  Argentina.  The  latter  were  described  by  Szajnocha  Mn  1891,  and 
some  additions  have  recently  been  made  by  Dr.  Kurtz.  The  principal  forms  be- 
long to  the  genera  Archosocalamites,  Lepidodendron^  Ehacopteris,  Cordaiies,  and 
Bodrychiopsis  and  shew  considerable  similarity  to  plants  from  the  same  horizon  in 
Australia,  though  not  the  same  amount  of  identity  as  is  exhibited  by  the  Upper 
and  Lower  Gondwina  fossils; 

On  one  occasion  before  this  the  occurrence  of  a  Lower  Gondw^a  flora  in  South 
America  appears  to  have  been  noticed.  This  was  by  Dr.  A.  Hettner*  in  1891. 
He  described  the  coal  measures  of  southern  Brazil,  and  stated  that  he  had  obtained 
from  them  fossil  plants  belonging  to  the  Glossopieris  flora. 

>  Sitfungsb.  KaiM,  Akad.   Wiss.   Wien.  Math-naturw.  CI..  Vol.  C.  Abth.4,  p,  19$. 
■  Zfitschr,  d.  Ges^llsch.  /.  Erdkunde^  XXVI,  pp.  9U  124. 
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Nearly  30  years  ago,  Mr.  N.  Plant  bronght  from  the  southern  parts  of  the  pro* 
vince  of  Rio  Grande  do  Sul,  the  southernmost  part  of  Brasil,  a  number  of  fossil 
plants,  of  which  three  species  were  described  bj  Mr.  W.  Carruthers'  as  :— 

PlemingUes  pedroanua . 

Notggtratkia  otovaiit 

Odontoptffis  ptantiana. 

The  plants  have  always  been  regarded  as  typically  carboniferous,  and  to  this, 
so  far  as  geological  age  is  concerned,  there  can  be  no  objection.  But  quite  recently 
Prof.  R.  Zeiller'  has  pointed  out  that,  whilst  the  Flemtngites  is  clearly  a  form 
of  Lipidodendron^  OdoniopUrii  planiiana  bears  a  certain  resemblance  to  Neurop^ 
ieridium  validum,  and  Notggerathia  ohovata  offers  a  remarkable  similarity  to 
Euryphyllum  whiUyanum^  another  Karharb&ri  fossil  plant.  He  also  adds  that  he 
has  examined  the  specimens  noticed  by  Dr.  Hettneras  pertaining  to  the  Glossop* 
ieris  flora,  and  has  ascertained  that  they  comprise  GangamopUris  eye lopiir aides 
var.  attenuata  associated  with  Lepidopkloios  laricinus  and  a  Lepidodendron. 

The  remarkable  discoveries  in  South  America  succeed  each  other  with  such 
rapidity  that  it  is  difficult  to  grasp  their  import.  Quite  recently  I  heard  from  Mr. 
Griesbach  that  Dr.  Kurtz  had  found  a  Lepidodendron  associated  with  the  Glos* 
sopteris  flora  in  Argentina.  l*he  same  appears  to  be  the  case  in  southern  Brazil* 
and  strange  to  say  the  evidence  has  been  on  record  since  1869,  though,  until  Prof. 
Zeiller  re-examined  the  facts,  their  real  importance  wa^  unsuspected.  It  is  one 
of  the  weird  tricks  of  fate  that  Mr.  Carruthers,  who  has  persistently  held  the 
doctrine  that  the  GhssopUris  flora  belongs  to  a  much  later  period  of  the  world's 
history  than  the  Lepidodendron  flora  of  the  coal  measures,  should  himself  have  been 
the  first  to  describe,  without  knowing  it,  a  group  of  fossil  plants  containing  represen- 
tatives of  both  and  affording  parts  of  the  conclusive  proof  that  the  two  co-existed. 

It  should  not  be  forgotten  that  this  discovery  of  the  association  in  the  same 
bed  of  the  Gondwina  and  carboniferous  flora  is  something  very  different  from 
the  curious  mixture  of  Upper  and  Lower  Gondw&na  types  described  some  years 
ago  by  Prof.  Zeiller  from  Tonquin,'  because  the  European  forms  there  found 
associated  were  liassic  or  rh»tic,  and  some  of  these  are  commonly  met  with 
in  Upper  Gondwana  beds. 

When  a  large  tract  in  a  distant  continent  has  been  annexed  to  one  of  the  great 
Empires  of  the  world,  some  time  elapses  before  the  importance  of  the  new  colony 
is  fully  recognised.  It  is  the  same  with  our  latest  addition  to  Gondwina  land. 
A  glance  at  the  Globe,  or  at  a  map  of  the  South  Polar  area,  will  shew  how  the 
addition  of  South  America  up  to  the  Tropic  oE  Capricorn  changes  the  general 
aspect  of  the  region  with  which  the  Gondwdna  flora  has  hitherto  been  associated.^ 

»  Gtol.  Mag.^  i86g,p.  151,  pli.  V,  VI. 

*  C.  R.,  Dec,  16,  1895;  C.  /?.  S4amce9.  Sne.  Geol.,  Ftance^  1895,  p.  CXCVII. 
>  Bull.  So€.  Geol.,  France,  Ser.  Ill,  Vol.  XI,  p.  456. 

*  If  the  beds  of  San  Paulo  are  really  of  glaci»l  origin,  it  is  clear  that  Mr.  R.  D.  Oldham's 
proposal  (Manual,  2nd  Ed.,  p.  2 12,  and  references  there  quoted)  to  explain  the  remarkable  oc- 
currences' of  upper  paleozoic  boulder  beds  in  India  by  a  change  in  the  direction  of  the 
Earth*3  axis  and  in  the  position  of  the  poles  mast  be  abandoned.  The  subject  has  been 
treated  bj  Neumajrr  (Erdgesehichiff  Vol.  ii,  p.  197)  who  shews  (of  course  without  taking  the 
discoveries  in  South  America  into  consideration)  that,  assuming  the  most  favourable  position 
for  the  South  Pole,  the  places  in  North- Western  India,  Soath  Africa,  and  South*  East  Australia, 
where  boulder  beds  are  known  to  occur,  would  all  be  in  comparatively  low  latitudes  i^ithin 
jo°  to  35*  of  the  Equator.    As  Neumayr  himself  suggested  a  change   in  the  direction  of  the 
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From  a  number  of  circumstances  connected  with  the  distribution  of  life  it  has  for 
some  time  been  suspected  that  connections  between  certain  of  the  southern  con- 
tinents and  the  Antarctic  land  nlust  have  existed  at  times.  One  of  the  most  re- 
markable facts  in  favour  of  this  conclusion  is  the  discovery  in  Argentina  of 
remains  of  marsupial  camivora  related  to  those  now  living  in  Australia,  no 
similar  forms  having  hitherto  been  detected  amongst  the  fossil  remains  of  the 
northern  hemisphere. 

It  does  not  necessarily  follow  that  the  whole  area  in  which  the  Gondwina 
flora  has  been  discovered  was  part  of  one  unbroken  continental  tract  at  the  same 
time.  There  is  no  doubt  that  seeds  of  some  plants  survive  transport  by  sea»  and 
spores  of  ferns  may  be  carried  to  a  considerable  distance  by  wind.  At  the  same 
time  it  is  probable  that  there  was  either  actual  land  connection  or  a  near  approach 
to  it,  whilst  there  can  be  no  question  that  some  barrier  must  have  interposed 
between  the  tracts  in  which  the  dominant  forms  were  Lepidodendron  and  Sigillaria 
and  the  lands  of  the  Ghssopieris  flora.  The  barrier  may  have  been  the  Thetys 
of  Suess,^  that  ocean  of  which  the  Mediterranean  of  the  present  day  is  a  shrunken 
relic,.and  it  is  not  without  interest  to  observe  that  the  recent  reexamination  of  the 
pelagic  tiias  fauna,  by  Mojsisovics,  Waagen,  and  Diener,*  has  led  to  the  conclusion 
that  the  oudines  of  the  Pacific  Ocean  were  laid  down  in  pre-triassic  times,  whilst 
the  contours  of  the  Atlantic  and  Indian  Oceans  are  of  more  recent  dates.  And 
here  may  be  noted  one  of  those  curious  side  lights  thrown  upon  these  very  interest- 
ing questions  of  ancient  geography  from  a  totally  different  source.  In  the  same 
Presidential  address  to  the  Geographical  Section  of  the  British  Association  at 
Oxford,  to  which  reference  has  already  been  made,  Admiral  Wharton  shows  how 
two  waves  caused  by  the  eruption  of  Krakatoa  in  '1883  were  noticed  by  a  French 
observing  party  at  Cape  Horn,  and  how  it  was  ascertained  that  one  of  the  waves 
which  came  from  the  westward  or  by  the  Southern  Pacific  arrived  sooner  than  the 
other  which  travelled  by  the  Indian  and  Southern  Atlantic  Oceans,  each  wave 
having  to  pass  round  the  Antarctic  land  and  the  distance  being  nearly  the  same  in 
each  case.  It  was  shewn  that  the  retardation  of  the  western  wave  was  probably 
due  to  the  shallower  water  of  the  South  Atlantic,  a  condition  which  is  consistent 
with  the  hypothesis  that  there  may  have  been  land  in  that  area,  whilst  the  Southern 
Pacific  was  part  of  the  great  ocean. 

The  discovery,  in  several  different  parts  of  South  America,  of  Gangamopieris 
and  Neuropteridiumt  associated  in  the  same  beds  with  Lepidodendron^  may  perhaps 
imply  that  a  land  connection  existed  in  newer  Paleozoic  times  in  the  American 
area  betwetn  the  continent  of  the  northern  hemisphere  and  Gondw&a  land.  But 
further  information  is  required  before  this  view  can  be  accepted.  If  there  is  really 
a  commingling  of  the  Lepidodendron  and  Ghssopieris  flora  in  Southern  Brazil  and 
Argentina,  several  additional  representations  of  the  rich  coal-measure  flora  of 
Europe  and  North  America  will  assuredly  be  discovered  in  the  area.  At  the  same 
time  it  is  important  to  note  that  in  South  America,  for  the  first  time,  representatives 
of  the  two  great  floras  are  found  associated  in  the  same  beds,  and  a  final  and  con- 
clusive prod  afforded  of  their  contemporaneous  existence. 

Earth's  azii  in  miocene  times  to  acooant  for  the  pecaliar  flora  of  Japan,  he  bad   no  prejudice 
against  the  hypothesis. 

^  Natural  Science^  March  1893,  p.  183. 

*  Sit9b.  K.  Akad.  Wiss.  Witn.  Math-natar  CI.,  CIV,  Abtb.  I,  p.  1302  (Dec.  189S). 
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Notes  from  the  Geological  Survey  of  India. 

Rkwah. — ^The  party  ander  the  saperintendence  oC  Mr*  Oldham  have  conti- 

Gondwama  f0€is.  °"^^   ^^    mapping    oC    the    Gondwana  aieas  in  South- 

East  Rewah.  The  Talchirs,  previonslj  marked  by  Mr. 
Smith,  were  found  near  the  western  limit  of  sheet  No.  47^  (l^t.  24''i2'>  long.  82^2  lO 
to  lie  in  a  very  flat  syndinal,  resting  on  an  irregular  sorface  of  schists,  and  not 
more  than  100  feet  in  thickness.  Less  than  a  mile  away,  beds.of  Upper  Gondwana 
age  were  found  resting  directly  on  the  granite.  The  occurrence  of  these  strata  in 
immediate  conUct  with  the  granite,  withont  the  intervention  of  the  Talchvs  or 
Damudas,  and  so  close  to  the  Talchir  rocks,  indicates  a  great  unconformity  some- 
where between  the  two.  It  remains  to  be  determined  whether  ttiis  unconformity 
is  above  or  below  the  Damuda  series.  Not  the  least  interesting  find  in  connection 
with  the  work  in  this  area  is  the  occurrence  in  the  Talchir  bonlder-bed  of  smoothed 
and  striated  boulders,  similar  to  those  resulting  from  the  action  of  modem  glaciers. 
A  large  area  has  been  added  to  the  known  outcrop  of  the  Damudas,  together  with 
the  determination  of  several  seams  of  coal,  from  amongst  which  a  fair  collection 
of  fossils  has  been  made. 

Madras. — Mr.  Middlemiss,  assisted  by  Mr.  Smith,  has  largely  extended  the 
recorded  occurrences  of  magnetite  and  haematite  beds 
Cry%talling  rcckM.  in  the  northern  taluks  of  Salem  and  Coimbatore  districts. 
Several  new  corundum  localities  have  also  been  discovered  in  the  Hosur  tahik  of 
the  Salem  district,  which  are  both  interesting  and  economically  important,  forming 
a  structural  continuation  northwards,  as  anticipated  in  a  paper  in  the  present 
number  of  the  Records  (p*  43  ),  of  the  promising  outcrops  near  Pftparapatti  in 
the  Dharmapuri  taluk  of  the  same  disuict.  The  Bargur  hill  range  in  Coimbatore 
district  was  found  to  form  one  great  ffiaxr^  with  the  hills  north  of  Satyamangalam, 
and  are  composed  of  various  members  of  the  interesting  hypersthene-bearing  series 
first  noticed  in  South  India  by  Mr.  Holland  in  1892,  and  similar  to  the  main 
masses  of  the  Shevaroys,  Nilgiris,  Palnis  and  other  Ikrge  hill-masses  of  the  Madras 
Presidency.  The  hypersthene-be'aring  rocks  of  the  Bargur  hills  under  consider- 
ation are  well-foliated,  having  a  foliation  strike  of  NNE.— *SSW.,  which  would 
carry  them  across  the  Satyamangalam-Bhavani  plain,  the  prevailing  gneisses  of 
which,  however,  are  of  a  totaUy  different  composition.  Although  this  sudden 
appearance  of  the  hypersthenic  series  along  a  line  making  a  considerable  angle 
with  their  foliation-strike  is  at  present  a  question  unsolved,  it  is  not  without  signi- 
ficant bearing  on  Mr.  Holland's  conclusion,  as  the  result  of  a  rapid  tour  over  the 
Southern  Presidency,  that  the  peculiar  phenomena  exhibited  by  these  rocks  in  the 
field  and  under  the  microscope  can  best  be  explained  as  the  result  of  circum- 
stances similar  to  those  attending  the  Intrusion  and  consolidation  of  the  more 
generally  recognised  plutonic  types  of  igneous  rocks. 

Burma.— Mr.  Hayden  has  recorded  some  interesting  facts  in  connection  with 

his  survey  of  the  Sagyin  ruby-tract.    The  crystalline  lime- 

^  *       stone,    in  which  such  minerals  as  ruby,  spinel,  rubellite 

and  schorl   occur,  is  found  to  be  separated  from  the  gne'sses  by  a  conglomerate 

composed  of  blocks  of  limestone,  gneiss  and  quartzite.    The  gneiss  near  this 
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junction  is  highly  graphitic  and  much  decomposed.  In  the  country  to  the  N.E. 
of  the  Sagyin  hills  the  gneisses  and  quartz-rock  are  associated  with  a  siliceous 
rock,  which  gradually  becomes  more  calcareous  until  it  passes  into  limestone, 
and  this  is  succeeded  by  further  siliceous  bands  and  a  rich  and  valuable^graphite- 
bearing  gneiss. 

2.  Tertiary  rocks.^Mr.  Hayden  has  examined  the  Mithwe  coalfield  of  Upper 
Burma  in  which  he  finds  the  Tertiary  shales,  sandstones  and  conglomerates  with 
thin  seams  of  coal  to  be  greatly  compressed  by  earth- movements,  as  well  as  altered 
by  the  intrusions  and  outflows  of  a  diallage-rock  approaching  gabbro  and  serpen- 
tine. 

Petrological  NOTBS.— Whilst  classifying  the  collection  of  rocks  in  the  Museum, 
/.  VoUanie  rocks  of  tkt     Mr.  Holland  has  found  that  the  conten^poraneoua  lava- 
Transiiions.  flQ^g  Qf  jhe  Transition  systems  of  India  exhibit  some  interest- 

ing similarities  in  their  microscopic  characters.  So  far  as  they  have  been  examined 
at  present  they  seem  to  be  divisible  into  three  main  groups : — 

(i)  Contemporaneous  flows  of  the  Dharwar  system,  which  originally  were 
pyroxene-plagioclase  rocks ;  but  now  generally  converted  into  epi- 
diorites  and  hornblende-schists. 

(2)  The  olivine-bearing  Jootoor  lava-flow  of  the  Kadapahs. 

(3)  The  pyroxene-plagioclase  rocks  with  micrographic  quartz,  occurring  as 

lava-flows  in  the  Kadapahs,  Gwaliors  and  Bijawars. 

The/ri<^re?«/ (the  Dharwar  group)  seems  to  have  its  corresponding  series 
represented  in  the  Transitions  of  Manbhum  and  Singhbhum  in  S.W.  Bengal,  and 
the  dioritic  dykes  of  the  same  area. 

The  second  group  forms  an  extremely  interesting  set  of  rocks  in  which  olivine, 
enstatite,  augite,  biotite  and  plagioclase  form  the  constituents.  The  plagioclase  is 
generally  in  small  quantity,  when  the  rock  approaches  the  saxonites  in  composition; 
it  is  the  last  formed  mineral,  growing  ophitically  around  the  ferromagnesian  consti- 
uents  and  forming  a  well-defined  reaction  border  where  it  comes  in  contact  with  the 
olivine.  A  beautifully  clear  specimen  of  this  rock,  occurring  as  a  dyke  in  the 
crystallines,  was  collected  by  Mr.  Datta  in  South  Rewah  during  the  season  1894-95, 
and  Mr.  Holland  has  found  a  similar  rock  occurring  a^  dykes  in  various  parts 
of  the  Madras  Presidency. 

The  fMrd  group  is  even  more  interesting  than  the  former  two.  The  specimens 
are  characterised  by  the  most  unusual  occurrence  of  micrographic  quartz  in  a 
pyroxene-plagioclase  rock,  and  this  character  is  constant,  not  only  in  various  lava^ 
flows,  but  in  a  large  number  of  the  dykes,  which  break  through  the  crystalline 
rocks  of  South  India,  and  which,  from  their  peculiar  distribution  have  long  been 
suspected  as  the  underground  representatives  of  the  Kadapah  lava-flows.  Whilst 
fully  recognising  the  unsatisfactory  nature  of  correlation  by  unsupported  petrolo- 
gical  characters,  it  seems  likely  that  we  have  in  this  little-suspected  form  of  evidence 
further  reasons  for  dividing  the  'great  thickness  of  the  Kadapah  system,  and 
separating  a  lower  portion  to  be  regarded  as  contemporaneous  with  the  Gwalior 
system  of  the  North. 

It  is  a  curious  fact  that  in  precisely  similar  rocks  occurring  as  sheets  in  the 
slates  of  Naini  Tal  there  is  the  same  occurrence  of  micrographic  quartz ;  but  our 
facts  so  far  are  by  no  means  suflicient  to  make  any  attempt  at  conelating  the 
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unfossiliferous  rocks  of  the  Himalayas  with  the  great  azoic  systems  of  Peninsuiar 
India. 

Besides  the  interest  which  rocks  so  exceptional  in  petrological  character  natur- 
ally create,  the  identification  of  the  lava-flows  with  their  underground  dyke-repre- 
sentatives enables  us  to  distinguish  three  distinct  petrographical  provinces,  each  of 
very  ancient  date,  and  it  is  the  recognition  of  the  peculiarities  of  contemporaneous/ 
but  widely-separated,  volcanic  outbursts  that  a£Fords  evidence  in  stratigraphical 
correlation  which,  in  the  absence  of  fossil  remains,  is  by  no  means  to  be  despised. 

^.  Massive  Minerals.— Trofessor  Judd,  C.B.,  F.R.S.,  has.  published  two 
interesting  papers  in  the  Afineralogical  Magazine  (Vol.  XI,  pp.  49  and  56,  1895), 
in  which  he  has  described  the  mineralogical  characters  of  the  massive  corundum  and 
fibrolite-rock  found  in  Mysore  by  Mr.  Holland,  and  the  well-known  purple  corun- 
dum deposit  of  South  Rewah  described  by  Mr.  Mallet  (Records,  Vols.  V  and  VI). 
The  same  distinguished  author  has  also  described  in  the  same  paper  a  peculiar 
fibrous  schorl-rock,  which  was  obtained  by  Mr.  Bos  worth-Smith  in  the  Kolar  gold- 
field  and  in  the  auriferous  areas  of  Chota  Nagpore.  Laige  quantities  of  this  rock 
have  been  collected  by  Mr.  Anderson  during  his  recent  survey  of  the  gold-bearing 
tracts  of  Chota  Nagpore. 


Calcutta  ; 
/!/  May  iSg6. 


C.  L.  GRIESBACH, 
Director^  Geological  Survey  of  India, 
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On  some  Igneous  Rocka/rom  thg  Tochi  Valley :  by  H.  H.  Hayden,  B.  E., 
Assistant  Superintendent^  Geological  Survey  of  India. 

The  specimens  about  to  be  described  form  part  of  a  collection  made  in  Wasir- 
istan  by  Mr.  Smith,  of  the  Geological  Survey  of  India.  They  are,  to  a  great  extent, 
derived  from  dykes  and  intrusions  occtinrittg  among  the  tertiary  beds  of  the  Tochi 
Valley,^  and  represent  a  very  fine  series  of  varying  texture  and  basicity,  ranging 
from  a  compact  and  glassy  prophyrite,  through  trachyte,  basalt,  dolerite  and  gabbro 
to  serpentine  and  bronzitite. 

lliey  have  all  undergone  a  consideY^bfe  amount  of  alteration,  which  is  par- 
ticularly noticeable  in  the  gabbros,  the  felspar  of  which  ha^  in  many  cases  become 
saussuritic,  while  the  dolerites  ftimish  examples  of  every  stage  in  the  conver- 
sion of  augite  into  horttblende.  Evidebde  of  dynamo-metamorphic  action,  also,  is 
abundant ;  the  crushing  and  shearing  of  the  Serpentines,  the  foliation  of  some  of 
the  gabbros,  with  the  brecclMon  of  their  constituent  minerals,  all  bearing  witness  to 
the  pressure  to  which  these  rocks  have  been  subjected. 

The  specimens  consist  of  two  sets,  tit.^  (i)  a  series  collected  in  riiu  ,  in  the 
neighbourhok>d  Of  the  tertiary  beds,  and  composed  of  igneous  rocks,  with  baked 
atid  altered  shales  and  fault-breccias,  and  (J)  a  number  of  specimens  found  in  the 
bed  of  the  Tochi  river,  beiiig  chiefly  portions  of  rolled  and  waterwom  pebbles  of 
the  above  ignebud  rocks,  with  soto^  otnca-schxst  and  altered  Itmestone. 

Of  the  igneous  rocks,  the  serpentines  and  gabbros  are  the  most  numerous,  as 
tin*  ^^^^  ^  **  ^^^^  varied  in  composition.    As  a  rule,  the 

^^ '    '  ^eri^entines  are  of  a  more  or  less  uniform  dark  green 

colour ;  at  times,  ^ow^ver,  they  shoni^  sp6ts  of  a  ^nslucent,  very  pale  apple-green 
to  greenish-white  serpentina.  Their  h&rdness  varies  from  %\  to  4i>  and  their 
specific  gravity  from  8*49  to  276,  this  latter  value  being  given  by  a  specimen  with 
many  of  the  light  spots  already  mentioned. 

Under  the  microscope,  the  serpentine  is  seen  to  vary  considerably,  some 

portions    showing    the    mesh*structure    characteristic  0^ 

Microwopte^characteri.     olivine,  while  Others  may  be  seen  to  have  arisen  from  the 

alteration  of  pyroxene  and  amphibole.    In  some  cases  the 

lock  has  evidently  undergone  much  pressure,  the  serpentine  fibres  being  bent, 

»  See  Rnwi»^  G.  S.  /.,  Vol.  XXVIII.,  p.  109. 
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twisted  and  fringed  at  the  ends,  while  in  places  they  have  been  broken  through  and 
faulted,  one  part  having  been  shifted  past  the  other. 

The  serpentine  varies  from  pale  greenish-yellow  to  colourless,  and  is  frequently 
intersected  by  clear  bands  of  picrolite,  which  mineral  may  also  be  recognised 
on  the  outer  surface  of  some  of  the  hand-specimens. 

The  chief  accessory  minerals  found  in  these  rocks  include  olivine,  augite, 

,  ensiatlte,  bastite,  hornblende,  and  magnetite,  the  bastite 

Accessory   minerals.  ...  '       .    .,,,  ^,      ,    '  ,  . 

at  times  occumng  m  large  and  bnlliantly  lustrous  plates 

scattered  throughout  the  rock.    Several  sections  of  an  isotropic  mineral,  of  a  rich 

brown  colour  by  transmitted  light,  represent  chromite  or  picotite. 

The  olivine  is  usually  in  an  advanced  stage  of  serpentinisation,  being  cracked 

^ ^        1    .       ^  and  altered,  while  the  cracks  are  filled  with  serpentine  and 

General  characters.  ,        ,.,  .       ^t  ,  •         ,       ^    .  .        j 

dust-like  magnetite.  No.  •^^.  It  has  already  been  menuoned 

that  one  of  the  specimens  has  a  higher  specific  gravity  than  the  rest,  Vfff.,  276.  In 
the  hand-specimen,  the  rock  has  a  somewhat  mottled  appearance,  consisting  of  a 
dark  groundmass  with  large  pale-green  to  greenish*white  spots.  The  mineral  of 
these  spots  is  somewhat  harder  than  the  remainder  of  the  rock,  for  it  is  found  to 
scratch  fluor  spar,  its  hardness  being  therefore  higher  than  degree  4- 

Under  the  microscope,  the  rock  is  seen  to  consist  almost  entirely  of  serpentine, 
of  which  the  greater  part  has  been  derived  from  olivine ; 
^  '''''swSlntlnc!'*'^*''''      *  considerable  quantity,  however,  has  arisen  from  the  altera- 
tion of  enstatite. 
Some    unaltered    enstatite  still   remains,  one   large  crystal  being  especially 
noticeable,  owing  to  the  fact  that  it  polarises  in  patches  of 
blue  and  grey  :  this  effect  is  evidently  due  to  brecciation, 
the  crystal  affording  evidence  of  having  been  broken  up,  for  veins  of  serpentine  run 
through  it,  while  portions  of  the  enstatite  may  be  seen  Scattered,  in  Uie  forms  of 
strings  and  veins  throughout  the  surrounding  serpentine. 

A  few  large  crystals  of  a  green  augite  may  be  seen,  while  a  considerable  quantity 
Aufeite.  ®^  amphibole  is  also  present.    Of  the  latter  mineral  there  are 

two  varieties,  both  of  which  are  monoclmic.  Of  these,  the  first 
is  a  common  brown  hornblende,  with  fairly  strong  pleochroism.    The  second  variety 
Amphibole.  occurs  in  strings  and   small  isolated,  but  broken  crystals. 

It  is  highly  pleochroic,  the  colours  ranging  through  violet, 
greenish-blue  and  blue  to  greenish-yellow,  and  in  some  cases  pale  yellow.  No 
cross-seaions  with  well-defined  outlines  could  be  detected;  a  few  imperfect  cross- 
sections  of  the  prism,  however,  occur.  In  these,  the  cleavage  cracks  parallel  to 
(no)  intersect  at  angles  of  123°}  to  \ti!*\.  Vertical  sections  also  occur  giving  very 
low  extinction  angles,  ws.,  4*i— 6®.  The  above  characters  point  to  the  fact  that  this 
mineral  is  glaucophane,  the  pleochroism  strongly  resembling  that  of  glaucophane, 
as  figured  by  Teall  in  his  "  British  Petrography,  "*  rays  vibrating  parallel  to  a 
giving  yellow  to  greenish-yellow,  those  parallel  to  /3  violet  and  those  parallel  to 
7  blue. . 

Magnetite  is  almost  entirely  absent,  a  very  few  small  grains  occurring  in  the 

hornblende. 

Magnetite. 

>  See  ].  J.  Harris  leall,  British  Petrography,  PL  XLVII,  fig.  a. 
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Gtf5^r<?.— The'gabbros  are  as  well  represented  as  the  serpentines,  but  are  con- 
siderably more  varied  in  composition,  the  forms  wiihout  olivine  being  the  most 
numerous.  Olivine-gabbros,  however,  also  occur,  and  include  a  very  good  specimen 
of  "  forellenstein,'*  the  troktolite  of  vonJ^Lasaulx.^    This 
Troktohtc.  specimen  was  found  in  the  bed  of  the  Tochi  river,  and  is 

a  portion  of  a  rolled  pebble.  A  rock  of  very  similar  composition,'^  however,  occurs 
in  situ  between  Dotoi  and  Sheranni.  The  specimen  from  the  Tochi  river— No.  ^V^ 
is  composed  of  a  bluish-grey  felspar,  in  which  are  set  the  numerous  dark,  rounded 
patches  of  olivine.  Its  specific  gravity  is  rather  low,  being  only  2-80 :  this  how- 
ever, is  due  to  the  fact  that  the  rock  has  undergone  very  considerable  alteration. 
Under  the  microscope,  it  is  seen  to  be  composed  chiefly  of  plagioclase  and 
olivine,  the  remaining  minerals  being  either  of  secondary 
Microscopic  characters.     ^^^.^  ^^  ^^^^  subordinate  in   quantity.    These  include 

enstatitc,  augite,  diallage,  hornblende,  bastite,  epidote,  serpentine  and  magnetite. 

The  plagioclase  occurs  in  large  irregular  rounded  crystals,  giving  clear  sections 

and  broad  lamellar  twins.    Referred  to  the  plane  of  compo- 

Felspar.  sitiou,  the  twin-lamellae  give  extinction  angles  of  49**  and 

upwards,  while  sections  showing  either  basal  or  brachy-pinacoidal   cleavage  give 

high  angles  of  37°  and  38°.    These  characters  indicate  that  the  felspar  is  anorthite. 

As  a  rule»  this  anorthite  is  fairly  fresh,  except  in  the  neighbourhood  of  the 
olivine  crystals.  Where  it  surrounds  that  mineral,  it  is  penerated  by  a  series  of 
branching  fissures,  radiating  from  the  olivine  crystals  and  filled  with  decomposi- 
tion products.*  In  other  cases,  however,  it  has  a  tendency  to  become  saussuriiic, 
with  the  development  of  grains  and  strings  of  epidote. 

The  olivine  occurs  in  large  crystals,  either  colourless  or  brownish-yellow,  and 
.  may  be  seen  in  many  stages  of  alteration.    In  some  cases 

ivine.  j^  .^  fairly   fresh,  being  merely  intersected  by  cracks  filled 

With  serpentine  and  dusty  magnetite;  in  the  majority  of  cases,  however,  it  is  con- 
siderably altered.    This  alteration  takes  chiefly  three  different  forms  : 

1.  Into  serpentine. 

3.  The  olivine  crystal  has  become  to  a  great  extent  converted  into  a  felt  of 
fine  hornblende  needles,  with  some   serpentine  and  magnetite   =  piliu  (Becke). 

3.  All  except  the  centre  of  the  crystal  has  been  converted  into  hornblende  and 
magnetite.  In  this  case,  however,  we  do  not  find  the  typical  reaction  zones 
between  the  olivine  and  the  felspar;  the  usual  colourless  inner  ■  zone  being  entirely 
absent,  while  the  hornblende  is  a  confused  mass  of  plates  and  fibres  surrounding 
and  penetratbg  the  still  unaltered  portion  of  the  olivine  crystal,  and  even  scattered 
through  the  neighbouring  felspar.  In  cases  of  still. further  alteration,  almost,  if  not 
quite  the  entire  crystal  of  olivine  has  disappeared,  and  been  replaced  by  a  brecciated 
mass  of  hornblende  fragments.  This  hornblende  is  often  colourless  in  section, 
but  is  at  times  of  a  very  pale  green  colour^  in  which  case  it  is  slightly  pleochroic. 
It  would  therefore  appear  from  the  above  facts,  that  the  customary  reaction  zones 
had  originally  formed  round  the  olivine,  where  that  mineral  adjoined  the  felspar;  the 
rock  then  underwent  dynamo'-metamorphism, — a  fact  which  is  also  borne  wimess  to 

»  Von  Lasaulx  :  Elemcnte  dcr  Pctrographie,  p.  315. 

*  See  judd.  On  the  gabbros,  dolerites  and  basalts  of  tertiary  age  in  Scotland  and 
1  reland.  Quart.  Jour:  GtoL  So€..  Feb.  1886,  Vol,  XLII,  p.  86,  and  Plate  VII,  fig.  7- 
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by  the  tiftces  of  foliatioft  iB  the  hftBd  spedneft--,  Um  SDMS  tiiat  teceaiiBg  broken 
up  into  a  confosed  breecia  of  hoiiMende  with  some  felspar  fngmeBts.  I&  ether 
cases,  the  qnothetic  twinning  of  the  bombleBde  also  gives  evidence  of  the  pressure 
thai  the  rock  has  ondeigone. 

The  remaining  minerals  in  the  rock  indnde  a  pale  green  angite,  which  is 
higfalj  ophitie,  in  some  cases  eztingnisUng  amnltaneeiislj 
^"^''^'  throaghoHt  the  whole  slide. 

A  considerable  qoantitj  of  enstatite  is  also  present  and  may  often  be  seen 
passing  into  bastite,  while  epidote,  caldte  and  magnetite 

ora  c  pyroxene.  ^^  among  the  secondary  minerals,  the  last-named  how- 
Seoondary  minefaU.  ^y^^  \^€v[i%  in  a  few  cases  apparendy  one  <rf  the  original 
constituents. 

A  very  similar  resnlt  of  the  great  pressure  to  which  all  these  rocks  have  been 
subjected,  is  strikingly  illustrated  by  a  specimen  of  gabbro  (No.  ^V)  from  the 
Tochi  river.  This  rock  appears  to  have  been  originally  composed  of  plagioclase 
and  augite  :  the  augite  is  now  represented  by  diallage,  very  highly  schillerized 
and  invariably  sunounded  by  a  zone  of  highly  pleochroic  green  hornblende,  which 
mineral  has  in  many  cases  replaced  the  greater  part  of  the  diallage.  This  horn- 
blende has  again  been  broken  up  into  a  mosaic  of  pleochroic  fragments,  and  is 
often  to  be  seen  intermingled  with  the  felspar,  and  containing  a  considerable 
quantity  of  magnetite. 

The  olivine*free  gabbros  are  very  numeroos  and  occur  in  many  stages  of  altera- 

^  uL      ..u    ^  1'  •         tion.     The  majority,  however,  are  much  altered,  the  felspar 
Gabbro  without  olivine.      ...  ..      «.l.  ^.^.** 

havmg  become  sanssuritic.  This  saussur ite  is  chiefly  of  two 

kinds:  (i)  an  indistinct,  greyish  mass,  containing.and  often  to  a  great  extent  com- 
posed of  grains  and,  at  times,  large  crystals  of  zoisite--No.  -^f^ —  and  (2)  a  clear 
groundmass  of  albite  in  which  are  scattered  numerous  grains  and  long  prismatic 
crystals  of  epidote — ^No.  ^ft— ;  a  form  of  alteration  first  recognised  by  Cadirein.^ 
The  diallage  also  has  to  a  great  extent  passed  into  a  green  hornblende,  whidi 
usually  shows  the  effect  of  metamorphism. 

The  freshest  specimenr— No.  ^V*-  >>  P^ut  of  a  pebble  from  the  Tochi  river*bed. 
Felspar  ^^    contains    felspar,    enstatite,    diallage,     hombleadey 

magnetite  and  some  epidote.    The  felspar^  which  is  labra- 
dorite,  is  wonderfully  fresh,  only  in  a  few  cases  showing  signs  of  the  formation  of 
epidote. 
The  diallage  occurs  in  large  quantity  and  is  usually  surrounded  by  an  alteration- 
zone  of  hornblende,   or  else  entirely  converted  into  that 
^®*  mineral.    The  hornblende  is  both  uralitic  and  actinolitic. 

Hornblende.  ^^  pleochroism  of  the  latter  giving  green,  brownish-green 

and  bluish.    Fibres  may  also  be  seen  running  along  the  cracks  and  twinning 
planes  of  the  felspar.    A  considerable  quantity  of  magnetite  occurs  in  the  hom- 
blende.    Under  the  microscope,  this  rock  very  strongly 
**'**  *  •  resembles  the  homblende-gabbro  of  Crousa  Down  in  Corn- 

wall, figured  by  Teall  in  his  "  British  Petrography,"  PI.  XVIII,  fig.  1. 

>  Cathrein.  Ueber  Saassorit.  Ztiiukr  fUr  Kryst,  1883,  Bd.  VII,  234.  a^w  Teail,  Britiah 
Petrography,  p.  1 49  el  9iq, 
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Of  the  lemalnmg  gabbroPi  only  one  calls  for  special  mention.    This  nick 
^-^0.  -^  —  consists  of  pseiidomor]^hs  after  felspar,  and 
laucrhan?**"  "^^     ^^^^    quantities    o(  monoclinic     pyroxene    (an^e  and 
diallage),  with  their  alt«»tion^roducts.    The  chief  interest 
of  the  rock  centres  in  the   pyroxene.    Under  the  microscope  it  is  seen  to  be 
considerably  altered ;  in  a  1t^  places  being  conveited  into 
^  ^  patches  of  brown  hcff nblende ;  in  most  cases,  however,  the 

crystals  are  surrounded  by  a  border  of  a  clear  bke  mineral,  which  also  runs  along 
GUuc  Dhaoe  ^*  cnicks  in  the  pyroxene  and  occurs  in  rods  and  patches 

in  the  neighbourhood  of  that  mineral.  It  is  highly  pleo« 
chioiCi  giving  violet,  pale  yellow  and  a  clear  sky-blue.  On  vertical  aeaions,  the 
angle  of  extinction  is  very  small,  not  rising  above  3°  or  4°.  This  mineral  is  there- 
fore glaucophane,  and  as  in  the  gabbros  of  Attica,^  is,  together  with  the  brown 
hornblende,  an  alteration-product  of  the  diallage. 

Doleriie.^ln  the  hand-specimens,  the  dolerites  appear  fairly  eompact,  and  are  of 
a  greenish-grey  colour,  with  a  specific  gravity  ranging  from  3'64  to  rSy. 

They  are  chiefly  composed  of  plagioclase  and  augite  with  their  respective 
alteration  products.  They  are,  in  all  cases,  much  altered,  and  contain  numerous 
secondary  minerals,  such  as  epidote,  leucoxene,  caldte,  etc.,  with  much  micropeg- 
matite,  and  at  times  appear  under  the  microscope  to  be  merely  a  mass  of  decompo- 
sition-products. 

The  least  altered  of  these  rocks^No.  ^^  —  consists  of  a  triclinic  felspar, 
CoDstitu  augite,  enstatite,  hornblende,  apatite,  magnetite  and  ilme- 

nite. 
The  felspar  is  much  altered  and  often  converted  into  saussurite  with  the  deve- 
lopment of  epidote.    It  shows,  however,  the  broad  lamellar 
®  *^''  twinning  chaxacleristic  of  labradorite. 

The  augite  is  usually  pale  green ;  but  in  the  least  altered  specimen  a  coiisider- 
Augite  able  quantity  of  colourless  augite  occurs  in  the  form  of 

small  crystals  and  fragmenU,  frequently  twinned,  but  it  is 
more  often  to  be.  seen  passing  into  hornblende  or  into  pale  green  structureless 
viridiu,  with  no  apparent  cleavage,  but  which  ultimately  passes  into  uralite 
or  into  chlorite.' 

Ilnienite  occvrs  in  considerable  quantity,  some  of  the  crystals  showing  signs  of 
Ilmenite.  alteration  into  leucoxene. 

Two  other  specimens,  vis..  No.  -yW  ^^0°^  Dotoi,  and  No.  ^  from  Inear  Kach, 

. .      ^  J  ,   .  may  very  possibly  be  further  stages  in  the  alteration  of  the 

Altered  dolerite.  ,  t        »     ,      i.    .    .       \^  i      r  *i.  •*    l  j 

above  rock.    In  the  first,  the  whole  of  the  augite  has  passed 

into  viridite,  and  into  a  highly  coloured    brown  hornblende,  which  surrounds,  or 

occasionally  occurs  in  patches  in,  the  viridite,  this  latter  passing  into  hornblende, 

and  both  being  intimately  connected  with  one  another.    As  in  the  gabbros,  signs 

of  considerable  dynamo-metamorphic  action  may  be  seen  in  this  specimen,  the 

hornblende  being  crushed  and  squeezed  out  into  acicular  rods  and  often  scattered 

through  the  felspar.    The  large  quantity  of  this  mineral  is  very  striking,  and  were 

I  See  Zirkel.  Lehrbach  der  Petrographie.  1894.  Bd.  HI,  p.  787 ;  also  Bd.  I,  p.  310. 
*  See  Jadd.  loe.  tU,,  p.  85. 
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ft  not  for  the  presence  of  labradorite  in  place  of  oligoclase»  the  rock  might  be  more 
properly  classed  as  a  diorite. 

Much  epidote  occurs  in  the  felspar,  which  is  rapidly  becoming  saussuritic  and 
g  . .  times  schillerized. 

^  Leucoxene    and  sphene    also   occur,  no    unaltered 

Lencozene.      .  Umenite  remaining. 

Basalt. — ^The  volcanic  type  of  the  basic  rocks  is  represented  by  a  specimen  of 
amygdaloidal  basalt-^No,  ^  —which  was  found  in  the  bed  of  the  Tochi  riven 
In  the  hand-specimen  this  rock  shows  white  amygdaloids  of  calcite  and 
seolites,  while  a  considerable  quantity  of  porphyritic  augite  occurs..  The  ground- 
Mi  i    h  racte         ^^^   cousists  of     innumerable  small  crystals    of  augite 

and  apatite,  with  magnetite,  decomposed  plagioclase  and 
brown  glass.  I'he  augite,  however,  is  by  far  the  most  important  constituent. 
On  rotation  of  the  polariser,  the  rock  is  also  seen  to  contain  numerous  dakes  and 
fibres  of  a  brown  pleochroic  mineral,  which,  under  a  high  power,  proves  to  be  a 
dark  mica;  it  occurs  in  fiikes,  as  a  rule  without  well-defined  outlines.  In  addition 
to  the  above  minerals,  some  secondary  hornblende  occurs,  arising  from  the  alter- 
ation of  the  augite. 

The  amygdaloidal  cavities  Contain  calcite  and  a  seolite,  and  their  form 
indicates  that  these  minerals  are  pseudomorphs  after  olivine  and  felspar,  of  which 
the  original  outlines  have  been  retained.  In  one  case,  even  the  cleavage  of  the 
olivine  appears  to  have  been  preserved,  although  that  mineral  has  been  replaced, 
by  calcite.  All  the  porphyritic  felspars  and  olivines,  however,  have  been  replaced, 
the  only  remaining  felspar  being  the  small  decomposed  crystals  in  the  groundmass. 

The   augite  is  of  the  usual  type,   being  frequently  twinned  and  beautifully 

zoned.  .        . , 

TrarAy/^.— No.  ^.— This  is    a     compact    light    bluish-grey  rock,    with    a 

specific  gravity  of  2*60.  It  was  obtained  from  a  spot  one  mile  to  the  west  of  Pakki 
Kot,  and  is  of  subsequent  date  to  the  accompanying  shales,  into  which  it  has  been 
intruded,  ^nd  which  are  burnt  and  altered  at  the  junction.  In  the  hand* 
(specimen,  it  appears  to  consist  of  a  grey  lithoidal  groundmass,  through  which  are 
scattered  numerous  small  white  crystals  of  felspar,  some  occurring  in  groups  of 
small  individuals,  while  other  larger  crystals  occur  singly. 

Under  the  microscope,  the  rock  is  seen  to  be  composed  of  a  fine  microscopic 

groundmass  of  felspar  microlities,  in  which  are  embedded    porphyritic  crystals 

of  plagioclase  and  sanidine.     Fhe  plagioclases  are  much  the  smaller,  and  occur  as 

a  rule  in  groups,  the  crystals  showing  broad  lamellar  twin- 

Plagioc      .  ^.j^^     ppj^^y  ^^^  considerably  altered,  thus  constrasting  with 

the  beautifully  clear  pellucid  crystals  of  sanidine,  which  have  idiomorphic  outlines 

and  are  quite  fresh,  with   but  few  inclusions.    No  ferro- 

ine.  magnesian    minerals  can  be  detected,  the    rock    being 

composed  merely  of  felspar  with  a  large  quantity  of  magnetite. 

The    remaining  igneous  rocks    include    specimens  of    porphyrile,    diabase, 

bronzitite,  bronzite-hypersthene  rock  and  a  rock  composed 

Broniite-hjpersthenc       of    fibrous  actiaolite.    The  bronzite-hypersthene  rock   is 

"^'  composed  of  very  large  crystals  of  those  mineials,   some 
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of  0)6  individuals  measuring  as   much  as  two  inches  across.    This  specimen 

comes  from  the  hills  to  the  north-west  of  Sheranni,  while  a  specimen  of  bronzitite 

which  is  of  finer  texture,  and  is  composed  entirely  of  bronzite 

^jtjj  gQjj^g  magnetite  was  found  in  the  bed  of  the  Tochi 

river. 

An  interesting  rock,  also,  comes  from  the  river  to  the  east  of  Dotoi.  This  is  a 
^  ,     .     „    .  ^      .  heavy,  green  crystalline  rock,  of  hardness  =  5,  or   slightly 

higher,  and  a  specific  gravity  of  3*25.  It  bears  a  strong 
resemblance,  in  the  hand-specimen,  to  dunite,  but  under  the  microscope  it  is  found 
to  contain  no  olivine,  while  chemical  analysis  proves  it  to  be  composed  chiefly  of 
calamine  (H^  Zn^  Si  Oq),  with  smithsonite  (Zn  Cog)  and  some  zinc  blende.  A  few 
cracks  in  the  specimen  have  become  filled  with  calcite.  This  rock  bears  a  close 
resemblance  to  the  massive  calamine  of  Altenberg  in  Rhenish  Prussia.  It  was 
apparently  not  obtained  in  silu^  being  rolled  and  waterwom. 

The  remaining  rocks  include  recent  river  breccias,  also  specimens  of  red  and 
green  jasper  from  the  Tochi  river,  and  a  few  metamorphlc  rocks,  amongst  which 
are  garnetiferous  mica-schist,  calc-schist,  and  baked  shales. 

The  baked  shales  occur  in  contact  with  the  igneous  rocks,  and  have  been  more 

or  less  fused  5   some    have  been  much  altered,   showing 

signs  of  consideiable  fusion  and  having  a  hardness  of  6  or 

more,  while  under  the  microscope  they  are  seen  to  consist  of  a  glassy  groundmass, 

containing  in  places  small   crystals,  which  appear  to  be  the  product  of  recrystal- 

lisation. 


Notes  from  the  Geological  Survey  of  India. 

Rewah. — Among  the  fossils  from  the  lower  Gondwanas  collected  during  the  past 
working  season,  is  a  clump  of  Glossopters  fronds,  attached  to  a  portion  of  their  root 
stock.  The  specimen  is  not  so  well  preserved  as  might  be  wished,  but  the  fronds 
are  readily  enough  recognised  and  the  fragment  of  root-stock  shows  the  characters 
of  Veriebraria.  In  the  Comptes  Rendus  of  this  year  M.  R.  Zeiller,  under  date  33rd 
March,  described  the  discovery  of  Glossopters  fronds  attached  to  Vtrtehraria  in  the 
Transvaal,  so  the  true  nature  of  Vertehraria^  long  in  doubt,  may  be  taken  to  be 
settled  as  the  root- stock  of  Glossopters.  A  figure  and  description  of  the  Rewah 
specimen  will  be  published. 

Burma.-— "Wit.  Hayden  visited  and  examined  the  steatite  mines  suf^osed  to  be 
in  the  Minbu  district,  but  really  situated  to  the  west  of  the  Yoma  in  the  Kyakpyu 
district  of  Arakan.  The  steatite  occurs  in  thin  bands  and  lenticular  patches  in 
the  serpentine  intrusions  of  the  Arakan  Yoma  and  is  of  great  purity. 

Kelat, — ^A  collection  of  fossils  from  the  hills  near  Kelat  has  been  made  by 
Lata  Kishen  Sing.  The  fossils  have  not  yet  been  examined,  but  the  discovery  of 
Orthocerus  by  Dr.  Carter  (see  Manual,  and  edition,  page  143)  docs  not  seem  to  have 


JO  Records  of  the  Geological  Survey  of  India.        [VOL.  xxix. 

been  repeated.  The  most  interesting  stratigraphical  fact  to  record  is  the  direct 
contact  of  uppermost  nammalltic  (Spintangi)  beds  with  the  massive  (Jurassic) 
limestone,  which  had  In  one  place  been  eroded  till  only  15  to  so  feet  remained  oia 
of  300  feet  seen  close  by. 

R.  D.  OLDHAM. 
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DONATIONS  TO  THE  MUSEUM. 
From  ist  May  to  31ST  July  1896. 

Native  Gold,  with  pyrites,  in  qaartz,  from  the  Chowkpazat  Gold  Mine,  Wuntho,  Burma 

Prbsbntbd  by  C.  M.  p.  Wright. 

Specimens  of  pegmatite;  muscovite  with  schorl ;  and  biotite  and  rauscovitein  parallel 
crystals,  from  Bendee,  Hazaribagh  district,  Bengal. 

Prbsbntbd  by  A.  Gow  Smith. 


ADDITIONS  TO  THE  LIBRARY. 

From  ist  April  to  30TH  Junb  1896. 
TitUs  of  Boohs.  Donors. 

BoBCK,  ^.—Himalaya  album.    4'  Baden-Baden,  1894. 
Bronm,  H.  G.-*^Klassen  und  Ordnungen  des  Thier— Reichs.     Band  II,  Abth.  II,  lief. 

It— 14,  and  Band  IV,  lief.  43—44.    8®  Leipzig,  1896. 
Brown,  C,  B.,  and  Judd,  7.  W,^The  rubies  of  Burma  and  associated  minerals ;  their 
mode  of  occurrence,  origin  and  metamorphoses.    A  contribution  to 
the  history  of  Corundum.    4°  London,  1896. 

Rbv.  akd  Aori.  Dbpt. 

Carraro^  Antonio  — Reale  Istituto  Veneto  di  Scienze,  Lettre  ed  Arti.    Indice  Generate 
dei  Lavori  Publicati,  1840-41,  Al  1893-94.  Vols.  I— II.    8"    Venezia, 
1896. 
Cottbau,  G,9  Gauthibr,  K.,  and  Douvillb,  ^.— Paleontologie  de  la  Mission  Scienti- 

fique  en  Perse,    4®  Paris,  1895. 
Cox,  W,  (?.— Artesian  Wells  as  a  means  of  water  supply.    8*  Brisbane,  1895. 
Db  Chbrvillb,  G.— Les  £:i^phants  £:tat  Sauvage  Domestication.    8^  Paris. 
Db  Grboorio,  a. — Coralli  del  Terziario  di  Sicilia.    4°  P.  Palermo,  1894. 

Thb  Author. 
„  Nuovi  Strumenti  Fisici  e  Metereologici.     4^  Palermo,  1893. 

Thb  Author. 
FocB,  Andr$as.^An  introduction  to  chemical  crystallography.    Translated  and  edited 

by  W.  J.  Pope.    8"  Oxford,  1895. 
Fridrici,  C. — Apercu  Geologique  du  Department  de  la  Moselle.    8°  P.  Paris,  1862. 

Thb  Author. 

FuooBR,  ^--Beobachtungen  in  den   Eishdhlen  des  Untersberges  bei   Salzburg.     8^ 

Salzburg,  1888. 

„  Eishohlen  und  Windrdhren.    8^  Salzburg,  1891— 1893. 

Gratbloup. — Notice  Geognostique  sur  les  Roches  du  Bassin  de  L'Adour.  8®  Bordeaux, 

1845.  Thb  Author. 

Harbbr,  if  (^re^.— Petrology  for  Students ;  an  introduction  to  the  study  of  rocks  under 

the  microscope.    8P  Cambridge,  1895. 
Hatch,  F.  ff.p  and  Chalmbrs,  y.  if.— The  Gold  Mines  of  the  Rand.    8°  London,  1895. 
HiLOARD,  E,   W, — Alkali  Lands,  Irrigation  and  Drainage  in  their  mutual  relations. 
8^  P.  Sacramento,  1892.  Thb  Univbrsity  op  California. 

KuNZ,  G9org%  F.— Precious  Stones.    8°  P.  Washington,  1893, 

U.  S.  Gbol.  Survey. 
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Titles  of  Books.  Donors, 

KuNTZE,  Dr,  Otto, — Geogrenetische  Beitrage.    8®  I^ipzig,  1895* 

l.YMAN,  ^.  51— Folds  and  Faults  in  Pennsylvania  Anthracite— Beds.    8*  P.  Philadel- 
phia, 1895.  Thb  Author. 
u             Report  on  the  New  Red  of  Bocks  and  Montgomery  Counties.    8°  P. 

Philadelphia,  1895.  Tbs  Aothor* 

McMahom,  C.  il.— Some  Structural  Characteristics  of  the  Graniteol  the  North- Western 

Himalayas.    8®  P.  London,  1896.  Thi  Aotbor. 

MoJSisovics,  Dr.  E.  V.,  and  Nbumatr,  Professor  Dr.  J/.— Beitrfige  zur  Palaontologie 

und  geologie  osterreich — ungams  und  des  orients.  Band  1X»  heft. 

I — A^  and  X,  heft.  1—2.    4^  Wien  and  Leipzig,  1896. 
Murray,  J,  A.  /^.— A  new   English   Dictionary  on   Historical  Principles.    Vol.  IIL 

(Development— Difiluency).    4^  Oxford,  1896. 
PosBFMY,  F.— Archiv  fur  Practische  Geologie.  Band  I.    V  Wien,  1880. 
Prbiswbrk,  Gf/j//iv.— Beitrage  zur  Kenntniss  der  Schrodzstructur  bei  Saugethieren. 

8'  Basel,  1895. 
Rbclus,  £/»/«.— Nouvelle  Gtographie  Universelle  la  Terre  et  les  Hommes.    Vol.  IX* 

8*  Paris,  1884. 
Rbdwood.  Borerton,  and  Hollowat,  G.  T.— Petroleum  and  its  ProducU.    Vols.  I— IL 

8*  London,  1896. 
Rbbvb,  L.  a. — Conchotogia  Iconica :  or  tUustrations  of  the  shdls  of  Molluscous  Animals 

Continued  by  G.  B.  Sowerby.    Vols.  I— XX.    4®  London,  1843— 187S. 
Richards,  Joseph  IT.— Aluminium  :  its  history,  occurrence,  properties,  metallurgy  and 

application,  including  its  alloys.    8^  London,  1896. 
Royal  Socibty  Catalogue  of  Scientfic  Papers.    Vol.  XL,    4**  London,  1896. 
Simory,  F.— Das  Dachsteingebiet.    Vol.  IIL    4^  Wien,  1895. 
TouLA,  FranM. — Neuere  Erfahrungen  iiber  den  geognostischen  Aufbau  der  Erdober- 

flache.    No.  IV.    8**  Wien,  1890— 1892.  Thb  Author. 

„  Der  Jura  im  Balkan  Ndrdlich  von  Sofia.     8'  Wien,  1893. 

Thb  Author. 
„  Streiflichter  auf  die  jungste  epoche  der  CuUur.    8^  P.  Wien,  1893. 

Tab  Author. 
Tryon,  G.  (^.—Manual  of  Conchology.    Series  I,  part  62 ;  and  11,  part  38.    8**  Phila- 
delphia, 1896. 
Walcott,  C.  Z>.— Note  on  some  appendages  of  the  Trilobites.   8^  P.  Washington,  18944 

Thb  Author* 

Watts,  W,  £.— The  Gas  and  Petroleum  yielding  formations  of  the  Central   Valley  of 
C^ifornia.    8*  P.  Sacramento,  1894. 

California  Statb  Minino  Bursal. 
Zbillbr,  M.  J?.— Note  sur  la  Flore  Fossile  des  Gisements  Houillers  de  Rio  Grande  Do 
Sul  (Br^sil  Meridional).    8**  P.  Paris,  1895.  Thb  Author. 

„  Sur  Tattribution  du  genre  Vertebraria.    4®  P.  Paris,  1896. 

Thb  Author. 


PERIODICALS,  SERIALS,  btc. 

American  Geologist.    Vol.  XVII,  Nos.  3—6,    8®  Minneapolis,  1896. 

American  Journal  of  Science.    Series  IV,  Vol.  I4  Nos.  4--6.    8®  New  Haven,  1896. 

Teb  Editor. 
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Tiil$s  of  Books.  Donors. 

American  Naturalist.    Vol.  XXX.  Nos.  35«-353-    »**  Philadelphia.  1896. 

Annalen  der  Phyaik  und  Chemie.    Neue  Folge,  Band  LVII,  heft  3 -5.    8**  Leipzig. 

1896. 
Annalesde  Geologise  et  de  Pal^ontologie.  Livr.  19—20.    4°  Palerme.  1896. 
Annals  and   Magazine  of  Natural  History.  Vol.  XVfl.  Nos.   100—102.    8®  London, 

1896. 
AthenaBum.    Nob.  3569-358^.    4°  London,  1896. 
Beiblat^r  lu  den  Annalen  der  Physik  und  Chemie.  Band  XX.  Nos.  3—5.    8*  Leipzig. 

1893. 
Chemical  News.    Vol.  LXXIll,  Nos.  1895— 1907.    8*»  London,  1896. 
Colliery  Guardian.    Vol.  LXXI,  Nos.  1838—1850.    Fol.,  London,  1896. 
Geological  Magazine.    New  series.  Decade  IV,  Vol.  HI,  Nos.  4—6.    8°  London,  1896. 
Glacialists'  Magazine.    Vol.  II L  pts.  1—2.    8*  London,  1895. 
Index  of  Authors  and  Subjects.  Vols.  I— X.of  the  Mineralogical  Magazine.    S""  London. 

1896. 
Industries  and  Iron.    Vol.  XX,  Nos.  laio— 1222.    4^  London,  1896. 
Journal  of  Geology.    Vol.  IV,  Nos.  2—3.    8°  Chicago,  1896. 
London,   Edinburgh  and  Dublin  Philosophical    Magazine.    Vol.  XLI.  Nos.  251 — 253. 

8"*  London.  1896. 
Mining  JournaL    Vol.  LXVI.  Nos.  3160— 3172.    Fd.,  London,  1896. 
Natural  Science.    Vol.  II.  No.  14,  and  VIII.  Nos.  50— 5^*    8^  London.  1893  and  1896. 
Nature.    Vol.  LI II,  Nos.  I377— 1389.    8**  London,  1896. 
Patacontographica.     3^nd  XLIII.  lief.    1—2.    4^  Stuitgart,  1896. 
Palaeontologische  Abhandlungen.  Neue  Polge.  Band  III.  heft  2.    4^  Jens,  1896. 
Petermann's  Geographischer  Mittheilungen.     Band  XLI  I.  Nos.  3 — ^5.    4"  Gotha,  189$. 

Tbr  Editor. 
Scientific  American.    Vol.  LXXIV,  Nos.  10—22.    Fol..  New  York,  1896. 

..  ,.  Supplement.    Vol.  XLI,  Nos.  1053—1065.    Fol.,  New  York,  1896. 

Th^  Indian  and  Eastern  Engineer.    Vol  XXVI,  Nos.  469—480.    Fol.,  Calcutta.  J896. 
Tschermak's  Mineralogische  und  Petrographische  Mittheilungen.    Band  XV,  heft  5—6. 

8P  Wien,  1896. 
Zeitschrift  der  Gesellschaft  fur  Brdkunde  zu   Berlin.     Band   XXXI,  Nos.  1—2.    8^ 

Berlin,  1896. 
SEeitschrift  fur  Krystallographie  und  Mineralogie.     Band  XXVI,  heft  i — 3.    8*"  Leipzig. 

1896. 
Zeitschrift  fiir  praktische  Geologie.    Jahrgang  1896.  heft  3—5,    4*  Beriin.  1896. 


GOVERNMENT  SELECTIONS,  REPORTS,  etc. 

Bombay. — Selections  from  the  Records  of  the  Bombay  Government.    New  series.  Nos. 

303,  305  and  343.    Flsc..  Bombay.  1895,         Bombay  Govbrnmbnt. 

Banoalorb.— Report  on  the  administration  of  Coorg  for  1894-95.    Flsc.,  Bangalore, 

1895.  Chief  Commissioner,  Coorg. 
India.  — Archaeological  Survey  of  India.    Vol.  II,  part  3.    8*  Madras,  1895. 

GnVBRNMBNT  OP  IbDIA. 

„        Government  of  India.    Civil  Budget  Estimate  for   1896-97.     Flsc.,  Calcutta, 

1896.  Govbrnmbnt  op  India. 
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T^Us  of  Books.  Donors. 

Ikdia.— Indian  Meteorological  Memoirs.    Vol.  IX,  parts  4  and  5.    4*  CalcutU,  x8g6. 

MSTXOROI.OOIC4L  RbPORTBR  TO  GOTBRNMBMT    OF  InDIA. 

^,        Monthly  Weather  Review,  October  and  November.  1895.    4^  Calcutta,  1896. 

MeTBORO  LOGIC  AX.  RbPORTBR  TO   GOVBRKMBNT   OF  IVDIA. 

,.  Ust  of  Civil  Officers  holding  Gazetted  appointments  under  the  Government  of 
India,  in  the  Home,  L^slative,  Foreign  and  Revtoue  and  Agricultural 
Departments,  corrected  to  1st  January  1896.    8*  Calcutta,  1896. 

GOVBRNMBNT   OF  IllOIA« 

M  Report  on  the  Administration  of  the  Andaman  and  Nicobar  Islands  and  the 
Penal  Settlements  of  Port  Blair  and  the  Nicobars  for  1894-95.  Flsc. 
Calcutta,  1895.  GovBRNMBRT  OF  India. 

y       Sutistical  Atlas  of  India.  9nd  Edition.    Fol.,  Calcutta,  1895* 

RavBMUB  AND  Agricultural  Dbpartmbnt. 
Majdras.— Annual  Administration  Report  of  the  Forest  Department,  Madras  Presidency, 
for  the  twelve  months  ending  30th  June  1895,    Flsc.,  Madras,  1896. 

Madras  Government. 

„         Appendix  to  the  Report  00  the  Government  Centiml  Museum,  Madras.    8**  P. 
Madras,  1856.  Madras  Govbrnmknt. 

M         Madras  Observatory,  Daily  Meteorological  Means.    4*  Madras^  1896, 

Madras  Government, 
PuNJAE.*-Ga;petteer  of  the  Sialkot  District,  1894-95.    Revised  Edition.    8®  Lahore,  189  v 

Punjab  Govbrnhbnt 


TRANSACTIONS,  PROCEEDINGS,  etc,  OF  SOCIETIES,  SURVEYS,  etc. 

Baltimore.— Johns  Hopkins   University    Circulars.  Vol.   XV,   Nos.    123 — 134.    4® 

Baltimore,  1896.  Tbb  Univbrsitt, 

Batavia.— Naturkundig  Tijdschrift  voor  Nederlandsch-IndiS.    Deel  LV.    8^  Batavia^ 

1896.  The  Society. 

Berxblbt.— Bulletin  of  the  Department  of  Geology,  University  of  California.    VoL  I. 

Nos.  1—9,    8*  Berkeley,  1893-95.  The  University. 

Berlin,— Verhandlungen  der  Gesellschaft  fur  Erdkunde  au  Berlin.    Band  XXI 11, 

Nos.  2—3.    8**  Berlin,  1896. 
Boston,— Memoirs  of  the  Boston  Society  of  Natural  History.    Vol.  V,  Nos.  x->3.    4° 

Boston,  1895.  The  Society. 

,1  Proceedings  of  the  Boston  Society  of  Natural  History.    Vol.  XXVI,  pt.  4, 

8^  Boston,  1895.  The  Society. 

I,         Proceedings  of  the  American  Academy  of  Arts  and  Sciences.    New  series. 

Vol.  XXII.    8**  Boston,  1895.  The  Academy. 

Brisbane. — Proceedings  of   the  Royal  Society  of  Queensland.     VoU  XI,    pt.  a.    8** 
Brisbane,  1896.  The  Society. 

Bruxellbs. — Bulletin  de  la  Soci^t6  Royale  Beige  de  Geographic.    Anee  XIX,  No.  6, 
8°  Bruxelles,  1895.  The  Society. 

Budapest.— Termtoetrajzi  Fii^etek.    Vol.  XIX,  pt.  2.    8*  Budapest,  1896. 

HuQARiAN  National  Museum. 
Calcutta.— Calcutta  University  Calender,  1896.    t*  Calcutta,  1896. 

Thb  University* 
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CitcuTTA.— Geological  Survey  of  India  Department  Quarteriy  Notes.    No.  2.    Flac, 
Calcutta,  1896.  Gbolooical  Survey  of  India. 

^  PalsBontologia  Indica,  Ser.  XVI,  Vol.  I,  pt.  i.    4""  Calcutta,  1895* 

Gbolooical  Survey  op  India. 

„  Records  of  the  Geological  Survey    of  India.    Vol.  XXIX,  pt.    a.    8* 

Calcutta,  1896.  Geological  Survey  op  India. 

„  Report  on  the  Inspection  of  the  Singareni  Colliery,  Vellandu,  Hyderabad 

(Deccan).    April  1895.    By  James  Grundy.    FIsc,  Calcutta,  1895. 

Geological  Survey  op  India. 

,,  Journal  of  the  Asiatic  Society  of  Bengal.  Vol.  LXIV,  pt  I,  No.  4.  and 

pt.  II ;  and  LXV.  pt.  I,  No.  i.    8^  Calcutta,  1896.  The  Socibtt. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal.    No.  X  (1895}  and  No.  I 

(1896).    8*  Calcutu,  1896.  The  Society. 

„  Proceedings  and  Journal  of  the  Agricultural  and   Horticultural  Society  of 

India.    Vol.  X,  January  to  March  1896.    8**  Calcutta,  1896. 

Tbb  Society. 
„  Survey  of  India  Department  Notes  for  March  to   May  1896.    Flsc,  Cal- 

cutta and  Simla,  1896.  Survey  of  India  Department. 

Cambridge.— Proceedings  of  the  Cambridge  Philosophical  Society.  Vol.    IX,  pt.  2. 
8**  Cambridge,  1896.  The  Society. 

Cambridge,  Mass. — Bulletin  of  the  Museum  of  Comparative  Zoology.  Vol.  XXVII, 
No«  7,  and  XXIX9  No.  i.    4*  Cambridge,  Mass.,  1896. 

The  Museum. 

Cassel.— Abhandlungen  und  Bericht  des  Verdns  fur  Naturkunde  zu  Kassel.   No.  XL. 

8®  Kassel,  1895.  The  Society. 

Cincinnati.— Journal  of  the  Cincinnati  Society  of  Natural  History.  Vol.  XVIII,  Nos. 

i<»a.    8^  Cincinnati,  1895.  Tub  Society. 

CoPENHAGBN.— Oversigt  over  det  Kongelige  Danske  VidenskabernesSelskabs  Forhand- 
linger  og  dets  Medlemmers  Arbejder  i  Aaret,  1896.  Nns.  i  and  a.  8® 
Kobenhavn,  1896.  The  Academy. 

Dbs  Moines.— Iowa  Geological  Survey     Vol.  IV.    4*  Des  Moines,  1895. 

The  Survey. 

Dresden.— Nachtrag  zu  dem  Fuhrer  Durch  Das  Kgl.  Mineralogisch  Geologische  und 
Praehistorische  Museum  in  Dresden.    8^  Dresden,  1893. 

The  Museum. 
^  Sitzungsberichte  und  Abhandlungen  der  Naturwissenschaftlichen  Gesells- 

chaft  Isis  in  Dresden.    Jahrgang,  1895,  July  to  December.    8**   Dres- 
den, 1896.  The  Society. 

Dublin.— Proceedings  of  the  Royal  Irish  Academy.  3rd  series.    Vol.  Ill,  No.  4,  and 

List  of  Members  for  1895.    B°  Dublin,  1895.  The  Academy. 

„         Transactions  of  the  Royal  Irish   Academy.  Vol.   XXX,   pts.   15—17.    4^ 

Dublin,  1895.  The  Academy. 

Edinburgh.— Scottish  Geographical  Magazine.  Vol.  XII,  Nos.  4—6.  8°  Edinburgh, 
1896.  Tbb  Society. 

Gottingbn. — Nachrichten  von  der  K.  Gesells.  der  Wissen&  zu  Gdttingen,  Mathema- 
tisch-Physikalische  Klasse.  1896,  Heft  i ;  and  Geschaftliche  MittheiN 
ungen.    1896,  Heft  i.    8°  Gottingen,  1896.  Thb  Socibtt. 

as 
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Lausanmb.— Bulletin  de  la  Sodete  Vaudoise  des  Sciences  Naturelles.    Serie  3,  Vol^ 

XXXI,  Na  118.    8^  Lausanne,  1895.  Thb  Socibtt. 

LBiPZio.—Abhandlungen  def  Mathematisch-physischen  classe  der  Konigl.  Sachnschen 

Gesellschaft  der  Wissenschaften.  Band  XVIII -XX,   XXII.  XXIV. 

XXVI.  XXVII.  XXIX,  XXXI,  XXXIII,  XXXV.  XXXVIII ;  and 

XL,  Na  I.    8®  Leipzig.  1896.  Thb  Socibtt. 

..  Berichte  Ober  die  Verhandlungen  der  KSniglich  Sachsischen  Gesellschaft 

der  Wissenschaften    zu    Leipzig ;   Mathematisch-Physische    classe. 

1870— 1895.  and  1896.  No.  i.    8^  Leipzig.  1870 — 1896. 

Thb  Socibtt. 

LiBGB.^Annalesdela  Societe  Geologique  de   Belgique.    Tome  XXIII,  livr.   i.    8^ 

Liege.  1896.  Thb  Socibtt. 

Lisbon.— Communicacoes  de  Direccao  dos  Trabalhos  Geologicos  de  Portugal.    Tome 

III,  fasc.  I.    8^  Lisboa.  1895-96. 

Gbolooical  Survbt  of  Port  coal. 
LivBRPOOL.— Proceedings  of  the  Literary  and   Philosophical  Society  of  Liverpool 
Vols.  XLIV— XLIX.    8"  Liverpool,  1890—1895. 

Thb  Socibtt. 

London.— An  introduction  to  the  study  of  Rocks.    British  Museum  (Natural   History). 

Mineral  Dept.    8®  London,  1895.  («  copies). 

„         Catalogue  of  Fossil  Fishes.  Part  III.     By  A.  S.  Woodward.    8®  London. 

1895.  British  Musbum. 

CaUlogue  of  the  Mesozoic  Plants.    The  Wealden  Flora.    Part  11.    By  A.  C. 

Seward.    8''  Ix)ndon,  1895.  British  Mosbum. 

„  Journal  of  the  Chemical  Society.  Vols.  LXIX,  and  LXX,   Nos.  400—402. 

8®  London,  1896. 
„  Journal  of  the  Iron  and  Steel  Institute.    Vol.  XLVIIl,  Na  a.    8*^  London, 

1895.  Thb  Institutb. 
„          Journal  of  the  Society  of  Arts.    Vol.  XLIV,  Nos.  2261—3275.    8*  London* 

1896.  Thb  Socibtt. 
„          Proceedings  of  the  Royal  Society.    Vol.  LIX,   Nos.  353—354-    8°  London, 

1895.  Thb  Socibtt. 

^         Proceedings  of  the  Zoological  Society  of  London.    Part  4.    8'  London,  1896. 

Thb  Socibtt. 

„  Transactions  of  the  Zoological  Society  of  London.    Vol.  XIV,   pt.  i.    4° 

London,  1896.  Thb  Socibtt- 

„  Quarterly  Journal  of  the  Geological  Society.    Vol.  LII,  pt.  2.  No.  206.     8** 

London,  1896.  Thb  Socibtt. 

^  Report  on  the  British  Association  for  the  advancement  of  Science,  189s    9' 

London,  1896. 

Geographical  Journal.    Vol.  VII,  Nos.  4— 6-    8*»  London,  1896, 

Thb  Socibtt. 

Royal  Geographical  Society.     Notes  of  a  Journey  on  the  Upper  Mekong, 

"  Siam,  by  H.  W.  Smith.    8*  London.  1895.  Thb  Socibtt. 

Royal  Geographical  Society.    The  Topography  of  the  Battle  of  Plataea,  by 

G.  B.  Grundy.    8*  London,  1894.  Thb  Socibtt. 

Supplementary  Papers  of  the  Royal   Geographical    Society  of    London. 

Vol.  III.    8^  London,  1893.  Thb  Socibtt. 

26 


PART  3.]  Additions  to  the  Library. 


Titles  of  Books.  Donors. 

Madrid.— Boletin  de  la  Sociedad  GeDgrmfka  de  Madrid.    Tomo  XXXVII,  Nos.  10-- 

12.    8**  Madrid,  1896.  Thk  Socibty. 

Manchkstbr,— Memoirs  and  Proceeding's  of  the  Manchester  Literary  and  Philosophical 

Society.    4th  series,  Vol.X,  Nos.  1—3.    8®  Manchester,  1896. 

The  Socibty. 

„  Transactions'  of  the  Manchester   Geological    Society.      Vol.  XXIV, 

pts.  5—7.    8®  Manchester,  1896.  Thb  Socibty. 

Mbxico.— Boletin  del  Instituto.Geologico  de  Mexico.    Nos.  i — a.    4°  Mexico,  1895. 

Thb  iMsriTUTB. 

Milan.— Atti  delta  Societa  Italiar.a  dt  Scienze  Naturalu    Vol.  XXXVI,  fasc.   i.    8"* 
Milano,  1896.  Thb  Socibty. 

Moscow. — Bulletin  de  la  Soci^t^  Imperiale  des  Naturalistes  de  Moscou.    Anee,    1895 
No.  4.    8°  Moscou»  1896.  Thb  Socibty* 

Munich  — Sitzungsbenchte  der  Mathematisch-Physikalischen  classe  der  K.  b.  Aka- 
demie  der  Wissenschaften.    Heft  III  of  1895.    8°  Munchen,  1896. 

Thb  Acadbmy. 

Nap  LBS. — Pendiconto  della  R.  Accademia  delle  Scienze,  Fisiche  E.  Matematiche.  Serie 

3,  Vol.  II,  fasc.  a— 4.    8°  Napoli,  1896.  Thb  Acadbmy. 

Newcastlb-upon-Ttnb.— Report  of  the  Proceedings  of  the  Flameless  Explosives  Com- 
mittee of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers.  Part  3.  8°  Newcastle-upon-Tyne, 
1896.  Thb  Imstitutb* 

„  Transactions  of  the  North  of*  England  Institute  of  Mining, 

and  Mechanical  Engineers.    Vol.  XLIV,  pt.  5,  and  XLV» 
pts.  1-2.    8®  Newcastle-upon-Tyne,  1895-96. 

The  Institute. 

„  Transactions  of  the  Federated  Institution  of  Mining  Engi- 

neers.   Vol  X,  pt.  3,  and  XI,  pt.  1.    8**  Newcastle-upon- 
Tyne,  1896.  The  Institution. 

New  Yore.— Transactions  of  the  New  York  Academy    of  Sciences.     Vol.  XIV. 
8®  New  York,  1895.  '  The  Academy. 

Ottawa.— Summary  Report  of  the  Geological    Survey  Department    for  18  5.    8^ 
Ottawa,  1896.  The  Survey. 

Paris.-^  Annales  des  Mines.  Seni  9,  Tome  VIII,  livr.  13,  and    IX,  livr.   i— a.    2P 

Paris,  1895-96.  Dept.  of  Mines,  Paris. 

,y        Bulletin  de  la  Soci^t^  Fran9aise  de  Mineralogie.  Tome  XIX,  Nos.  3—4.    8^ 

Paris,  1896. 

»        Bulletin  de  la  Soci6t£  G^ologique  de  France.  SeH6  3,  Tome  XXIII,  No.  7. 
8°  Paris,  1895.  The  Society! 

„      *  Memoires  de  la  Soci^t6  G^ologique  de  France.    Pal^ntologie.    Tome  V,  fasc 

4.  4°  Paris,  1895.  The  Society. 
„        Bulletin  du  Museum  d'Histoire  Naturelle.    1896,  No.  i.    8^  Paris,  1896. 

The  Museum. 
a; 
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TitU$  ^  Boohs.  Domori. 

Paris*— Comptes  Rendtts  des  Stances  de  ta  SocKt^  de  G6ographie.  Nos.  3—9.  8^ 
Paris,  1896.  The  Socictt. 

Philadblpbi  iu^Joumal  of  the  Franldin  Institute  •  Vol.  CXLI,  No^  844-845.  8*  Phila- 
delphia, 1896.  ^  The  Institute. 

^  Proceeding  of  the  Academy  of  Natural  Sdences.    Pt.  II.   8^  Philadel- 

phia, 1895.  1*HE  Academy. 

,,  Proceedings  of  the  American  Philosophical  Society.  Vol.  XXXIV,  Now 

148.    8"  Philadelphia,  1895.  Tbe  Socibtt. 

Rome.— Atti  ddla  Reale  Accademia  dei  Lined  Rendiconti.  Serie  V,  Sem.  I,  Vol.  V. 
fasc  5^X0.  .  8^  Roma,  1896.  The  Academt. 

„        Bolletino  del  R.   Comitato  Geologico  d'ltalia.  Vol.  XXVI,  Nos.  1—4.    8** 
Roma,  1895.  The  Commission. 

Rio  de  Janeiro.— Eclipses  du  soleil  et  occultations.    8*  Rio  de  Janeiro,  1894* 

Observatory,  Rio  oe  Jeneiro. 
„  Posi^des  Geographicas.    4®  Rio  de  Jandro^  1895. 

Observatory,  Rio  de  Jeneiro. 

Sprinopield.— Bulletin  of  the  Illinois  State  Museum  of  Natural  History.  No.  9.  8^ 
Spring-field,  1896.  The  Museum. 

Stockholm.— Bihang  Till  KongL  Svenska  Vetenskaps  Akademiens  Handlingar.  Band 
XX,  pts.  1—4.    8®  Stockholm,  1895.  The  Academy. 

St.  Petersburg.— Materials  for  the  Geology  of  Russia.  Vols.  I— XV.  8**  St  Peters 
burgy  1869-^1892. 

Imperial  Mineral.  Society  of  St.  Petersburg. 
Verhandlungen  der  Russisch-Kaiserlichen  Mineralogischen  Gesells- 
chaft.    Serie  2,  Band  XXXIII,  lief.  i.    2P  St.  Petersburg,  1895. 

The  Society. 

Sydney.— Proceedings  of  the  Linnean  Society  of  New  South  Wales.    2nd  series,  Vol. 

X,  pt.  4»    8'  Sydney,  1896.  The  Society. 

„         Records  of  the  Geological  Survey  of  New  South  Wales.    Vol.  V,  pt.  i,    4® 

Sydney,  18961  The  Survey. 

Taiping,— Perak  Museum  Notes,  Na  III,    8^  Taiping,  1894. 

Government,  Perak. 

TuRiM.— Atti  della  R.  Accademia  delle  Scicnae  di  Torino.  Vol.  XXXI,  disp.  i— a  and 

4—5.  8*»  Torino,' 1895-96.  The  Academy. 

„        Memorie  della  Reale  Accademia  ddle  Scienze    di  Torino.   Serie  2»  Tomo 

XLV.  4^  Torino,  1896.  The  Academy. 

Venice.— Atti  del  R.  Istituto  Veneto  di  Sdenze,  Lettre  ed  Arti.  Serie  7,  Tomo  LIV, 

disp.  3—6.  8*  Venezia,  1895.96.  The  Institute. 

Vienna.— Jahrbuch  der  K.  K.  Geologischen  Reichsanstalt.     Band  XLV,  heft  i.  8* 

Wien,  1895.  The  Institute* 

M         Verhandlungen  der  K.  K«  Geologischen  Reichsanstalt    Nos.  14^18  (1895), 

and  Nos.  1—5  (1896).    8'  Wien,  1895-1896.  The  Institute. 
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Washivotok.— An  account  o!  the  Smithsonian  Institution ;  its  Origin,  History,  Objects 

and  Achievements*    8°  Washington*  1895.  Thb  Ihstitutiom. 

n  Bulletin  of  the  U.  S.  Dept  of  Agriculture,  No.  8.   8*  Washington,  1896. 

U.  S.  Dbpt.  of  Aoric. 

»,  Smithsonian  Contributions  to  Knowledge.  No.  98a    4*  Washington, 

1895.  Thb  Institution. 

M  Smithsonian  Miscellaneous  Collections.  No.  971-972.   8^  Washington, 

*  1895.  Thb  Institution. 

Wbllinoton.— Twenty-eighth  and    Twenty-ninth    Annual   Report  of  the  Colonial 

Laboratory,  Mines  Dept^  Newzealand.    8°  P.  Wellington,  1894-959 

M1NB8  Dbft.,  Nbw  Zbaland. 

York.— Yorkshire  Philosophical  Society.    Annual  Report  for  1895.    8^  York,  1896. 

Thb  Socibty. 


MAPS. 
ViBNNA.— Geographische  Abhandlungen.  Band  VI,  heft  i.    Alas.  Ob.  Wien,  1895. 
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Part  4.]  1 896*  October. 


Report  on  the  Steatite  mines,  Minbu  District,  Burma,  iy  H.  H.  Haydbn, 
B.A,,  B.E.,  Assistant  Superintendent^  Geological  Survey  of  India. 

The  two  chief  localities  from  which  steatite  is  obtained  in  or  near  Minbu  district 
are — 

(i)  the  steatite  mines  some  30  miles  west  of  the  village  of  Hpa-atng ;  and 
(9)  the  lately  discovered   mines  near  the  village  of  Senlan  in  Ngap^  town* 
ship. 
Of  these,  the  former  are  the  older]  and  the  more  important.    They  lie  on  the 
western  side  of  the  Arrakan  Yoma,  and,  though  supposed 
of  HM-a?ngT'°**  ''*'*     ^^  ^®  situated  in  Minbu  district,  are  in  reality  some  ten  or 
fifteen  miles  over  its  western  boundary^ ;  they  are,  therefore, 
in  the  Kyaukpyu  district  of  Lower  Burma.    Owing,  however,  to  the  erroneous  im- 
pression prevailing  as  to  the  situation  of  the  mines,  and  also  to  the  fact  that  no 
information  on  the  subject  was  obtainable  in  Minbn,  I  was  unprovided  with  maps 
of  Kyaukpyu  district  and(can  therefore  indicate  only  the  approximate  position  of 
the  mines. 

The  march  from   Hpa*aing  occupies  four  days,  the  path  running  straight  up 
and  down   the  steep,  jungle-clad  sides  of   the   Arrakan 
Accessibility.  Yoma.    The  chief  means  of  transport  are  pack  bullocks, 

which  carry  loads  ranging  from  ten  to  thirty  viss'.  The  mountains,  which  are 
covered  with  dense  jangle,  are  uninhabited,  the  last  village— Thet-kai-kyin— 
being  reached  at  the  end  of  the  first  day's  march  from  Hpa-aing,  while  the  sub- 
sequent halting  places  are  merely  clearings  in  the  jungle  with  no  huU  or  other 
shelter. 

These  mines  have  been  worked  for  many  years,  having  been  in  active  operation 

History.  before  the  annexation  of   the  country  by  the  British. 

Mining  is  canied  on  from  October  till  the  end  of  April  or  beginning  of  May. 

The  mines.         when  work  is  abandoned  on  account  of  the  rain. 
The  steatite  occurs  in  veins  traversing  the  dark  green,  intrusive  serpentine,  which 
is  found  in  such  large  quantities  in  the  Arrakan  Yoma.    This  rock  (serpentine)  is 

»  One  mine  only,  Hpo-gyi-dwin  is  situated  in  Minbu  district.    This  is  an  old  disused  pit 
on  the  eastern  slope  o(  Hpo-gyi-taung. 
One  visa  •-  3i1b  approximately. 
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in  most  cases  found  to  contain  steatite :  frequently,  however,  merely  in  narrow 
ribbon-like  veins.  In  places,  these  veins  increase  in  thickness,  attaining  a  width 
of  eight  or  nine  inches.  When  a  band  is  found  which  is  judged  to  be  worth 
working  a  shaft  is  sunk  along  the  vein  and  the  steatite  extracted  till  the  vein  is 
exhausted.  During  this  process,  other  bands  are  frequently  met  with,  and  thus 
the  shafts  are  found  to  ramify  in  all  directions. 

The  total  number  of  mines,  including  many  not  now  in  operation,  amounts  to 
about  twenty-six.  Of  these  only  four  were  being  worked  at  the  time  of  my  visit 
(May,  1896),  and,  owing  to  the  fact  that  the  rains  had  set  in,  work  was  abandoned 
soon  after  my  arrival. 

The  four  mines  above  mentioned  were,  however,  fully  examined,  and  may  be 
described  in  the  order  in  which  they  were  visited, 

{a)  Badwin, — This  mine  is  situated  at  about  three  miles  south-west  of  Thit- 
myit-kyi,  the  halting  place  reached  at  the  end  of  the  third  day's  march  from 
Hpa-aing.  Two  pits  only  are  at  present  worked,  but  numerous  old  shafts,  now 
either  worked  out  or  neglected,  are  seen  in  the  neighbourhood.  The  present  pits 
were  unfortunately,  at  the  time  of  my  visit,  unfit  for  descent  owing  to  the  large 
amount  of  rain  which  had  already  fallen  :  the  sides  and  roof  had  already  begun 
to  fall,  and  consequently  work  had  been  abandoned.  Considerable  quantities  of 
steatite,  however,  had  been  extracted  and  packed  in  baskets  ready  for  removal. 
The  steatite  is  of  good  quality  and  the  miners  say  that  the  quantity  still  available 
is  considerable. 

(b)  Sambawgyi  dwin, '•■-''TU^  mint  is  reached  at  the  end  the  fourth  day's  journey, 
and  is  one  of  the  most  important.  Here  also  only  two  pits  are  now  worked,  though 
the  remains  of  nearly  a  dozen  can  be  seen.  Of  these  two  pits,  one  had  just  be- 
come too  unsafe  to  work,  but  the  other  (the  better  of  the  two)  was  still  in  opera- 
tion, although,  owing  to  the  rain,  much  debris  had  already  begun  to  fall.  I 
succeeded,  however,  in  descending  and  fully  examining  this  shaft.  The  mining 
is  of  the  most  primitive  type,  and  a  short  description  may  be  of  inte  rest. 

The  mouth  of  the  pit  is  nearly  four  feet  square,  and  from  this  the  shaft  descends 
vertically  to  a  depth  of  56  feet.  The  sides  are  timbered  for  the  first  forty  feet  to 
prevent  falls  of  rubbish.  Below  this  depth  the  ground  becomes  firmer  and  through 
it  the  shaft  is  sunk  vertically  for  16  feet  more  ;  from  this  point,  it  slopes  steeply 
in  an  easterly  direction  for  27  feet,  then  follows  a  vertical  descent  of  8  feet,  after 
which  the  shaft  slopes  in  a  south-easterly  direction,  with  numerous  turns  and  steep 
descents,  to  a  distance  of  200  feet. 

The  size  of  the  shaft  is  very  variable,  being  at  first  nearly  four  feet  square. 
After  this,  however,  it  narrows  considerably  and  is  usually  only  just  large  enough 
to  allow  of  the  passage  of  the  miner,  crawling  on  his  hands  and  knees.  In  places, 
however,  even  this  becomes  impossible,  and  it  is  necessso-y  to  lie  down  and  work 
one's  body  through  narrow  passages  as  much  as  ten  feet  or  more  in  length.  This 
is  rendered  even  more  unpleasant  by  the  large  quantity  of  water  collected  on  the 
floor  of  the  shaft,  wherever  it  may  chance  to  be  level. 

When,  therefore,  the  rains  have  set  in,  and  the  roof  and  sides  become  soft  and 

liable  to  fall,  descent  becomes  a  matter  of  extreme   danger  since  a  comparatively 

small  fall  of  debris  would  completely  block  the  passage.     In  addition  to  this,  the 

,  entire  absence  of  any  form  of    ventilation  is  most  trying.     After  descending  to  a 
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depth  of  some  eighty  feet  or  so  the  atmosphere  becomes  stifling  and  one  experiences 
great  difficulty  in  breathing.  In  fact,  ventilation  takes  place  solely  by  means  of 
diffusion,  which,  in  such  narrow  and  tortuous  passages,  is  a  very  slow  and  un- 
satisfactory, process. 

The  steatite  occurs  in  this    shaft  in   two  bands,  seven  and  eight  inches  wide  - 
respectively.    The  mineral  is  fairly  compact  and  of  good  quality,  though  in  places 
it  is  crushed  and  useless. 

(c)  Samhawgali  dtvtn, — This  mine  is  situated  at  about  a  quarter  of  a  mile  east 
of  Sambawgyi.    It  also  contains  two  shafts  yielding  good  steatite.- 

(d)  Omyi  dwin, — This,  though  one  of  the  oldest,  is  still  the  best  mine  now  in 
operation.  It  is  said  to  have  been  worked  in  the  time  of  the  last  Burmese  king,  but 
has  for  some  years  been  neglected,  having  only  recently  been  re-opened.  Only  two 
pits  are  at  present  worked,  and  of  these  one  had  already  been  closed  at  the  time  of 
my  visit,  but  the  other  was  still  in  operation. 

The  shaft  descends  vertically  for  a  depth  of  45  feet,  then  branches  into  two 
narrow  passages,  running  east  and  south-east  respectively.  Of  these,  the  former 
descends  steeply  for  ten  feet,  but  work  has  been  interrupted  by  the  influx  of  water, 
which  has  necessitated  the  erection  of  pumping  machinery ;  the  oiher  passage  run 
for  some  fifteen  feet  to  the  south-east  and  contains  a  fine  g-inch  band  of  steatite 
of  great  purity. 

The  steatite  is  cut  out  from  the  surrounding  serpentine  by  means  of  chisels. 
The  broken  pieces  are  then  collected  into  small  baskets 

^*'steatUe.''^  ^^"^        *^^  carried  to  the  foot  of  the  vertical  shaft,  whence  they  are 
drawn  up  to  the  surface  by  means  of  balance-poles. 

On  reaching  the  surface  the  steatite  is  picked  over,  all  worthless  pieces  being 

..  , .         .     ^ .  discarded.    It  is  then  sawn  up  into  blocks  of  various  sizes, 

Pickioe  and  cutting.  .  .  ^     .  .  ,    .  /^«  »  «        .    . 

chiefly  mto  pieces  of  about  8"^  x  3  x  3  and  mto  pencils 
I  inch  square  in  section  and  of  varying  length.  The  pieces  are  sorted  and  packed 
into  panniers,  and  are  then  ready  for  removal. 

2.  The  second  set  of  mines  is  situated  some  12  miles  to  the  west  of  Shauktaung, 
(Shodan  of  map)  in  Ngapb  township. 

From  Padein  a  fairly  good  cart  track  runs  to  Shauktaung,  but  from  this  latter 
village  the  remainder  of  the  journey  must  be  performed  on  foot. 

From  Shauktaung,  a  rough  jungle  path  leads  to  a  small  Chin  village  named 
Won  situated  in  the  heart  of  the  Arrakan  Yoma  and  near  the  source  of  the  Man- 
kyaung.  From  Won  a  path  runs  to  Senlan,  a  still  smaller  village,  some  3^  miles 
further  west.  The  steatite  mines  are  situated  at  about  2  miles  (by  path  nearly  5 
miles)  due  west  of  Senlan  on  a  steep  mountain  side  overlooking  the  Mankyaung. 

These  mines  were  discovered  a  few  months  ago  by  some  natives  of  Padein, 
who  extracted  a  considerable  amount  of  steatite  before  the  matter  was  brought 
under  the  notice  of  the  authorities. 

There  are  nine  pits  in  all,  but  of  these  several  proved  unproductive,  only  a  few 
yielding  sufficient  steatite  to  be  worth  working. 

These,  however,  have  been  carried  down  to  at  least  50  feet  in  depth,  and  pro- 
bably considerably  further.  Owing,  however,  to  the  work  having  been  interrupted, 
the  pits  have  been  deserted  and  descent  is  now  impossible. 

The  steatite,  which  is  of  good  quality,  was  extracted  in  large  blocks,  which  in 
seme  cases  attained  a  volume  of  half  a  cubic  foot.    These  were  sawn  into  smaller 
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pieces  and  into  pencils,  which  were  then  buried  beneath  the  floors  of  the  miners' 
huts  to  be  carried  away  as  occasion  ofl^ered.  It  is  stated  that  when  work  was  pro- 
hibited some  350  viss  had  already  been  removed:  a  large  quantity,  however,  has 
been  left  behind  and  still  remains  in  baskets  buried  beneath  the  huts.    . 

Both  the  quantity  and  quality  of  the  steatite  here  found  point  to  the  fact  that  the 
mines  are  worth  working. 

It  has  already  been  pointed  out  that  the  steatite  occurs  in  veins  in  serpentine.    In 

„  ,       ,  ^  some  cases  the  band  of  steatite  rapidly  dies  out,    but  in 

Valae  of  the  minea.      ^.,  .  ,  ,  ,    .        ,      ,    ,  •», 

Others  it  may  continue  for  several  hundred  feet.    The 

steatite  mining  is  therefore  purely  a  matter  of  chance,  for  a  vein  may  die  Out  at 
any  minute,  and  it  is  quite  impossible  to  form  any  opinion  as  to  the  amount 
of  steatite  likely  to  be  obtained  from  any  given  vein.  It  will,  therefore,  be  evident 
that  any  statement  as  to  the  amount  of  this  mineral  available  at  the  mines  would 
be  purely  conjectural.  All  that  can  be  said  with  any  certainty  is  that  the  dark 
green  serpentine  appears  to  occur  in  very  large  quantities  in  the  Arrakan  Yoma, 
and  where  seen  is  usually  found  to  contain  steatite  and  that  frequently  in  paying 
quantities,  while  the  great  purity  of  the  mineral  itself  considerably  enhances  its 
value. 

The  geology  of  Minbu  district  has  already  been  described  by  Dr.  Noetling  in 
his  paper  on  the  ••  Development    and   Sub-division  of  the 
•®  ^^y*  tertiary  system  in  Burma^  ".    From  the  map  accompanying 

his  paper,  it  will  be  seen  that  the  upper  tertiary  rocks  extend  from  Minbu  to  the 
foot  of  the  Arrakan  Yoma.  Owing  to  the  early  date  at  which  the  rains  set 
in  on  the  Arrakan  Yoma,  I  was  forced  to  travel  as  rapidly  as  possible  over  this 
portion  of  the  country,  and  was  therefore  unable  to  do  more  than  remark  the  ex- 
cellent exposures  of  tertiary  rocks  seen  between  Aingma  and  Ngapb,  and  the  beau- 
tiful sections  extending  from  Kyiwa  to  Mdzali,  along  the  banks  of  the  Mon  river, 
which  cuts  through  the  inclined  tertiary  strata,  exposing  an  almost  perfectly  con- 
tinuous section  for  many  miles.  Between  Aingma  and  Ngapb  are  seen  great  beds 
of  sandstone  and  clay.  The  sandstones  contain  many  fossiliferous  bands,  which, 
though  individually  narrow,  are  both  numerous  and  highly  productive.  As  the 
road  approaches  Ngap^,  the  sandstones  become  unfossiltferous  and  between  that 
place  and  Shauktaung,  the  beds  appear  to  contain  no  recognisable  organic  remains. 
At  about  half  a  mile  west  of  Shauktaung  the  sandstones  are  underlain  by  thick  beds 
of  very  finely  laminated  dark  shale  with  occasional  carbonaceous  bands.  In  these 
shales  occur  at  first  narrow  bands  of  sandstone,  and  beneath  these  a  thick  bed  of 
grey  limestone,  with  nummulites  in  places  :  as  a  rule>  however,  in  this  neighbour- 
hood, the  limestones  have  been  altered  to  such  an  extent  by  outbursts  of  a  dark 
green  serpentine,  that  the  fossils  are  not  recognisable.  Beneath  these  limestones 
come — 

(1)  a  bed  of  very  dark  purple  schist,  containing  some  limestone  bands,  and 

succeeded  by 

(2)  an  immense  thickness  of  green  and  purple  shales*  containing  enormous 

quantities  of  vein-quartz.    These  rocks  (i  and  i)  are  presumably  the 
*'  Chin  shales"  of  Dr.  Noetling." 

»  Records  G.  S.  1.,  VoU  XXVllI,  Pt.  a,  p.  59,  sqq. 
*  Loccit. 
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In  the  neighbourhood  of  Shaukt^ung,  the  tertiary  beds  dip  to  the  east  at  an 
angle  of  40^  and  form  parallel  ranges  of  low  hills  running  north  and  south 
and  bordering  the  Arrakan  Yoma.  These  rocks  show  no  signs  of  alteration.  As 
soon,  however,  as  the  "  Chin  shales  "  appear,  a  remarkable  change  is  noticed :  the 
rocks  then  become  folded,  crashed  and  faulted,  and  in  this  condition  form  the  greater 
part  of  the  Arrakan  Yoma.  At  about  i>4  mile  west  Of  Shauktaung  the  "Chin  shales" 
first  appear  and  continue  without  interruption  to  Won.  About  i  J(  mile  west  of  Won 
they  are  well  seen  in  the  steep,  precipitous  sides  of  the  Mankyaung.  Here  also 
occur  numerous  dykes  and  intrusions  of  a  grey  dolerite,  which  is  seen  in  great 
masses  in  the  "  Chin  shales".  Numerous  boulders  of  dark  green  serpentine  and  a 
somewhat  fine  grained  green  gabbro  occur  in  the  stream -bed.  Two  and  a  half 
miles  west  of  Senlan  are  found  large  quantities  of  the  above  serpentine.  The  rock 
has  been  much  crufhed  and  in  places  strongly  resembles  the  "  Chin  shales.  "*  It 
contains  numerous  veins  of  steatite,  and  it  is  here  that  the  new  mines  already  de- 
scribed have  been  opened. 

The  general  strike  of  the  rocks  being  north  and  south,  the  same  beds  are  met 
with  in  the  journey  from  Hpa-aing  to  the  older  quarries.  A  few  points  of  difference 
are,  however,  noticeable.  One  of  these  is  the  much  smaller  quantity  of  vein-quartz 
found  in  the  **  Chin  shales  ".  Another  very  interesting  feature  of  the  rocks  here  is 
formed  by  numerous  strings  of  quartzite  pebbles  and  boalders  enclosed  in 
these  shales:  these  enclosures  are  of  all  sizes  and  range  from  blocks  weighing 
several  tons  down  to  fragments  an  inch  or  so  in  length.  They  appear  to  lie 
along  the  cleavage  planes,  with  their  long  axes  in  the  direciioh  of  strike  of  the 
cleavage;  The  enclosures  are  well  seen  in  the  Kyikyaung,  at  the  halting  place 
reached  at  the  end  of  the  third  day's  march  from  Hpa-amg.  Here,  too,  a  band 
of  quartzite  is  seen  interbedded  with  the  shales.  The  appearance  of  the  shales  and 
their  enclosures  so  exactly  resembles  that  of  the  quartzite  pebbles  and  boulders 
seen  in  the  cambrian  slates  on  the  peninsula  of  Howth,  near  Dublin,  that  one  is 
constrained  to  assume  a  similarity  in  their  mode  of  origin. 

This  latter  phenomenon  has  been  described  by  Professor  Sollas,  who  writes  :*— 
"...on  the  north  side  of  Howth  one  may  observe  how  great  blocks  of  quartzite  have 
been  squeezed  out  from  their  bed  during  folding  and  carried  into  a  stream  of 
flowing  slate,  to  form  veritable  intratelluric  erratics.  Near  the  nose  of  Howth 
whole  trains  of  such  erratics  may  be  deen ;  these,  no  doubt,  stand  in  connection 
with  an  important  plane  of  shearing  along  the  middle  limb  of  an  overfold.... The 
whole  terrane  seems  here  to  have  be^n  thrown  into  a  state  of  intestine  movement 
flowing  up,  down  and  sideways,  and  even  whirling  round  about."  ^ 

The  boulders  of  quartzite  are  in  some  cases  so  large  as  to  preclude  the  proba- 
bility of  their  having  beeil  wateiborne,  while  at  the  same  time  their  exact  resem- 
blance to  the  neighbouring  bed  of  quartzite  is  strong  evidence  in  favour  of  their 
having  been  derived  from  it. 

The  amount  of  pressure  to  which  these  shales  have  been  subjected,  though 
probably  not  so  great  as  that  which  the  Howth  rocks  have  repeatedly  undergone 
since  Cambrian  times,  has,  nevertheless,  been  sufficient  to  elevate  the  great  mountains 
of  the  Arrakan  Yoma,  and  to    fold  and  contort  the  shales  to  a  vast  extent    The 

1  Proc.  Geologist's  Assoc.,  Vol.  XIII,  Pt.  4,  1893.  The  Geology  of  Dublin  and  ita 
neighbourhood. 
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cleavage  and  bedding  of  the  shales  appear  to  correspond  and,  where  not  vertical, 
the  prevailing  dip  is  at  a  high  angle  (8o^  and  over)  to  east  or  west.  Everywhere 
overfolds,  faults  and  broken-backed  anticlinals  are  seen,  and  it  is  almost  impossible 
to  estimate  even  roughly  the  true  thickness  of  these  beds  which  extend,  at  any  rate 
in  the  neighbourhood  of  Shauktaung  and  Won,  over  more  than  six  miles  of  country. 
Nor  does  the  possibility  of  the  discovery  of  fossils  in  beds  which  have  been  so 
crushed  seem  to  be  anything  but  exceedingly  remote. 


Further  notes  on  the  Lower  Vindhyan  (Sub-Kaimur)  area  of  the  Sone 
Valley,  Rewah,  by  P.  N.  Datta,  B.Sc,  F.G,S.,  Deputy  Superin- 
tendent^ Geological  Survey  of  India, 

The   area  surveyed  in*  181)5-96  includes  the  ground  bounded  on  the   north 

by  the  Kaimur  scarp  and  on  the  south  by  the  Sone 
%l^lyS.^^^^ly^    ^^er,  and  extending  from  the  neighbourhood  of  Churhat 

(Lat.  24°  25''5,  long. 81^  42'*5)  on  the  west,  to  the  extreme 
limits  of  the  State  of  Rewah  on  the  east. 

Thus  the  lower  Vindhyan  area  examined  on  the  west  during  the  season  1894-95 

together  with  that  surveyed  this  season  (1895-96)  on  the 
Lx)w°e?^ v^hyln^lrcM  ^^^  m^^t^  up  almost  the  entire  strip  of  land  situated  be- 
surveyed  during  1894-  tween  the  Kaimur  scarp  on  the  north  and  the  Sone  on  the 
^^'^^*  south,  in  the  Rewah  State. 

As  the  result  of  my  examination  of  the  ground  during  the  season  1894-95,    I 

Lower  Vindh  an  beds     ^^^^^  ^^^  ^'^  lower  Vindhyan  system  clearly  admitted  of 

classified  into  lour  stages,     arrangement  into  four  broad,  well  marked  stages,^  namely, 

the  Rhotas,  Kheinjua,  Porcellanic  and  Conglomeratic  stages, 
in  place  of  the  eleven  '  subdivisions'  into  which  Mr.  Mallet  had  proposed  to  classify 
it.*     My  examination  this  season  (1895-96)  of  the  eastern  continuation  of  the  same 

beds,  as  were  met  with  during  the  season  1894-95  in  the 
•sStSivulons^'nof  teSl  western  parts,  has  further  convinced  me  that  Mr.  Mallet's 
.able.  subdivisions  of  the  lower  Vindhyan  system  are  not  tenable. 

For  while  some  of  these  subdivisions  are  extremely  limited 
in  extent,  being  in  fact  altogether  more  or  less  local,  beds  have  been  made  to  form 
a  subdivision  which  are  not  only  local  but  also  not  very  definable ;  and  again,  many 
of  the  proposed  'subdivisions,'  through  lack  of  possession  of  characters  important 
and  distinctive  enough,  are  not  entitled  to  the  rank  of  '  stages '  properly  so  called. 
.Under  these  circumstances  the  classification  of  the  lower  Vindh  vans  into  the  so- 
called  subdivisions,  eleven  in  number,  can  hardly  be  retained,  and  their  arrange- 
ment into  the  four  stages,  Rhotas^  Kheinjua,  Porcellanic  and  Conglomeratic,  seems 
about  the  best  we  can  have  under  our  present  state  of  knowledge. 

i  Rec.  Geol.  Surv.  Ind,.  XXVIII,  pt.  4,  p.  145. 
s  Mem.  GeoL  Surv.  Ind.,  VII,  p.  28. 
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We  will  take  vp  the  stages  severally  and  notice  the  peculiarities,  should  there 
be  any,  in  their  extension  in  the  eastern  area.  Beginning  with  the  youngest  we 
have  the  - 

Rhvtas, — Though  the   bulk  of  the  stage  is  concealed  under  alluvium  in  the 
Rhotas  stage.  eastern  parts,  it  is  apparently  composed  of  thin-bedded 

saml^charact  Jr  as°on  the     ^^nies^one  of  much  the  Same  kind  and  character  as  on  the 
west.  ground  to  the  west. 

The  band  of  argillaceous  shales  stated  to  occur  in  the  upper  parts  of  the 
stage  forming  subdivision  No.  10  of  Mr.  Mallet^  could 
Shal^  band,  No.  lo  of  nowhere  be  clearly  seen  in  the  area  under  report.  These 
t«''c^bief"^*'''"''"'''*°'  shales  are,  however,  stated  to  occur  between  Rajgurh  and 
Rewasin  Hill.*  That  Rajgurh  is  probably  a  misprint  for  Ram- 
naggar  would  appear  from  the  occurrence  of  a  locality  of  the  name  of  Ramnaggar  in 
about  the  identical  position  of  '  Rajgurh '  in  the  map  accompanying  Mr.  Mallet's 
Memoir.  Taking  Ramnaggar  and  Reiwas  Hill  then  for  'Rajgurh*  and  'Rewasin'  Hill, 
hardly  any  clear  exposures  of  even  the  upper  beds  of  the  stage  are  obtainable  in  this 
area,  to  say  nothing  of  an  intercalated  band  of  shales  in  them.  Bat  certainly  at  the 
foot  of  the  scarp  by  Baghawti  (Lat.  24°  29',  long.  81°  -50'),  Diholi  (Lat.  34°  30',  long. 
81°  53')»  a-i^d  a  few  other  localities,  I  observed  debris  of  wha^  looked  like  argil- 
laceous shales ;  but  as  in  none  of  these  places  could  I  discover  any  indications  of 
lamination  or  bedding  in  them  it  was  not  possible  to  make  sure  whether  what  was 
observed  was  the  debris  of  the  Bijigurh  shales  washed  down  the  slopes  from  above 
or  really  shales  tn  situ. 

As  to  the  junction  of  the  Rhotas  limestone  with  the  Kaimurs  above.    In  my 
report  of  last  year  I  gave  it  as  the  result  of  my  examina- 
Kaimur-Rhokas  juno        ^j^^  ^j  ^^it  Kaimur-Rhotas  junction  in  the  area  from  N.W. 
of    Intwa,  t\e.,  about  long.  81°  to  near  Churhat   (long. 
81°  38')  that  no  evidence  of  unconformity  was  discovered  at  this  junction,  but  there 
were,  on  the  contrary,  indications  of  a  gradual  passage  from  the  Rhotas  limestone 
into  the  Kaimur  beds  above,  this  passage  being  indicated  by  a  fine  grained,  homo- 
geneous chalky  shale,  as  exposed  by  Hinaota,  Daorahra,  Majgama,  etc'   The  exa- 
mination of  the  ground  was  extended  this  season  from  long.  81°  38' to  long.  82°  3o'» 
and  the  following  sections  are  of  interest  as  bearing  on  the  question  of  the  nature 
of  the  junction  of  the  lower  Vindhyans  (Sub-^Caimurs)  with  the  upper  Vindhyans  :— 
Ginaor.—{Lat.  2/  ^7 ''J,  long,  <?/°  -^^').— There   are  two  little  hillocks  at  the 
foot  of  the  Kaimur  scarp  by  this  village.    At  the  eastern 
Sections  bearing  on  the     extremity  of  the  Western  hi llock  is  exposed  a   gentle  anti- 
°*  "cbaor  wction!^"'  cline  formed  by  sandstone  (Kaimur),   in   the  centre  of 

which  is  seen  a  darkish  grey  subporcellanic  rock  exactly 
like  that  observed  last  season  between  the  Rhotas  limestone  below  and  the  Kaimur 
beds  above.  This  subporcellanic  shaly  rock  passes  up  into  a  light  gray  laminated 
soft  shale  which  is  overlaid  by  the  sandstone  forming  the  top  beds  of  the  anticline. 
This  sandstone  is  the  continuation  of  the  lowermost  beds  of  the  sandstone  exposed 
on  the  adjoining  Kaimur  scarp.  The  Rhotas  is  not  exposed  here,  but  there  is  little 
doubt  but  that  it  comes  in  just  below  the  subporcellanic  shaly  beds.    Thus  all 

1  Mem.  Geol.  Surv.  Ind.,  VII,  pp.  aS,  4a. 

s  Mem.  Geol.  Surv.  Ind.,  VII,  pp.  43,43. 

s  Rec.  Geol.  Surv.  Ind.,  XXVI II,  pt.  4,  p.  149- 
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that  we  can  see  here  is  that  the  subporcellanic  siiicious  shaly  rock  passes  up  into 
a  soft  light  grey  shale  which  in  turn  seems  to  pass  up  into  the  sandstones  of  the 
Kaimur  scarp. 

Hillocks  by  Tihai  (Lai,  2^ 28*' s,  long.  Si""  ^6').  -There  are  three  little  hillocks 
here  at  the  foot  of  the  Kaimur  scarp.    Rising  as  thej  do 
Tikat  section.  ^^^^  ^^  alluvium  of  the  plains,  these  hillocks  are  seen  to 

be  composed  of  subporcellanic  siiicious  shales,  which  are  well  exposed  on  their 
southern  slopes,  and  are  capped  by  thin-bedded  sandstone.  No  marked  thickness  of 
laminated  soft  shales  occurs  here,  but  these  seem  to  be  immediately  overlaid  by  the 
sandstone.  The  uppermost  shaly  rock  does  not  seem  to  be  an  admixture  of  argil- 
laceous and  arenaceous  materials,  but  while  the  shale  is  exceedingly  fine  grained 
and  seems  argillaceous  (but  may  be  somewhat  siiicious)  the  sandstone  seems 
entirely  arenaceous  and  is  not  very  fine  grained.  Thus  there  appears  to  be  here  an 
absence  of  a  true  passage  of  material  from  the  one  set  of  beds  into  the  other. 
But  though  this  is  so,  there  is  a  perfect  parallelism  of  bedding  between  the  shales 
and  \he  sandstone.  The  Rhotas  below  the  subporcellanic  shales  is  not  exposed 
here. 

Baghawa  {Lai.  24°  ap',  long,  81^  jo').-The  foot  of  the  scarp  slopes  N.«W.  of 
Baghawa,  exposes  sections  exactly  similar  to  those  near  Tikat. 
Baghawa  Mctioo.  Here,  at  one  spot,  the  topmost  layer,  2"  thick,  of  the 

siiicious  shale  could  be  traced  for  a  few  yards  along  the  junction  with  a  perfect 
dip-conformity  with  the  overlying  sandstone,  although  in  the  character  of  the  con- 
stituent materials  the  shales  and  the  sandstone  were  sharply  separated,  one  being  of 
fine  argillaceous  material  (might  be  somewhat  siiicious)  and  the  other  purely 
arenaceous. 

Diholi  {Lat,  24^  3o\  long,  81^  55*)  -  At  a  point  at  the  foot  of  the  Kaimur  scarp 
N.  by  W.  of  Diholi  is  seen  a  section  quite  similar  to  the  pre- 
Dihoh  lectioo.  ceding,but  here  the  limestone(Rhotas)  is  exposed  in  addition, 

underlying  the  subporcellanic  siiicious  shales.  These  shales  are  very  well  seen  here, 
being  light  to  dark  grey  in  the  lower  parts  and  rather  finely  laminated  in  the  upper 
parts.  The  junction  of  the  sandstone  with  these  shales  is  as  in  the  preceding 
section,  but  the  contact  of  the  latter  with  the  underlying  Rhotas  is  not  exposed.  A 
couple  of  shallow  pits  were  dug  here  with  a  view  to  getting  at  the  contact  but  the 
^^^^^%  ^^f^  abandoned  owing  to  prevalence  of  sandstone  and  shale  debris.  The 
point  of  interest,  however,  here  is  that  all  the  three  sets  of  beds,  namely,  the  Rhotas, 
the  superjacent  siiicious  shales,  and  the  sandstone  overlying  the  last,  are  all  well 
exposed  exhibiting  a  perfect  parallelism  of  bedding  between  one  another. 

By  Maraoli  {Lai.  24^  3J'6,  long,  82^  2o''2s)^  and  Khairpur  {Lai.  2^  34^ 
long.  82°  aj').  -Rhotas  is  visible  by  the  foot  of  the  scarp  slopes,  but  the  junction 
with  the  beds  above  is  obscured  by  talus. 

Burma  (Lai,  2^  j/''j,  long,  82^  34'). — On  the  scarp  slopes  here  the  limestone 
(Rhotas)  is  followed  up  the  slopes  for  some  way,  but  its  junction  is  more  or  less 
obscured  by  shaly  debris  from  above. 

Sections  E,  of  Burma,  -  In  the  ground  eastwards  of  Hurma  and  as  far  as  the 

limits  of  Rewah,  fairly  clear  sections  are  not  unfrequently 

met  with ;  but  the  subporcellanic  siiicious  shales  between 

the  Kaimur  sandstone  and  the  Rhotas  limestone,  hitherto  noticed  so  often  on  the 

west,  seem  to  be  absent  there.    But  the  parallelism  of  the  limestone  beds  of  the 
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Rhotas  stage  with  those  of  the  overlying  sandstone  of  the  Kaimurs  is  maintained 
throQghoat. 

Thus  from  the  sections  above  recorded  we  find  that  while  near  Ginaor  the  snb- 
porcellanic  silicious  shales  pass  up  into  a  shale  which  in  turn  seems  to  pass  up  into 
a  sandstone,  this  latter  shale  is  little  developed  by  Tikat.  Throughout  the  greater 
part  of  the  area  in  sheet  474  (i>.,  from  long.  82°  o'to  8j^  20')  the  rim  of  the  upper 
Vindhyan  basin  seems  depressed  and  the  Kaimur  sandstone  comes  down  to  the 
level  of  the  alluvium  of  the  plains.  Eastwards  of  this  point  the  Rhotas  is  again 
visible  by  the  foot  of  the  scarp,  but  the  silicious  shales  are  no  longer  traceable^  being 
apparently  absent,  the  result  being  that  the  Rhotas  is  in  direct  contact  with  the 
sandstone  of  the  Kaimur  scarp.  These  last  two  sets  of  beds,  however,  ezbibit  a 
thorough  dip-conformity  throughout. 

Inferences  drawn  from  ^^^^  *^®^  Observations  and  those  recorded  last  year 

the  sections.  we  are  led  to  infer : — 

i.  That  there  is  a  passage  from  the  Rhotas  limestone  into  the  Kaimur  sand- 
stone through  a  homogeneous  white  shale,  as  observed  by   Hinaota, 
Daorahra,^  etc.,  and  a  subporcellanic  silicious  shale  which  itself  passes 
up  into  the  overlying  sandstone, 
ii.  That  the  above  mentioned  shales— the  homogeneous  white  shale,  the 
silicious  shale,  etc. -die  out  towards  the  east,  and  that  there  is  an  over- 
lap of  these  by  the  Kaimur  sandstone  which  thus  rests  directly  on  the 
Rhotas  limestone  in  the  eastern  parts, 
iii  That  this  overlap  would  explain  the  abrupt  juxtaposition  of  a  coarse  rock 
like  the  sandstone  of  the  Kaimurs  and  of  a  fine-grained,  homogeneous 
deposit  like  the  Rhotas  limestone,  an  abruptness  that  has  hitherto  been 
held  to  be  universal  and  as  such  been  insisted  on  as  evidence  of 
unconformity  between  the  lower  and  the  upper  Vindhyans,  but  which 
appears  ndw  to  be  not  universal  but  only  local,  obtaining  over  only 
parts  of  the  area,  and  being  replaced  in  other  parts  by  a  gradual  passage 
from  the  limestone  of  the  Rhotas  into  the  arenaceous  beds  above, 
iv.  That  though  thus  there  is  an  overlap  in  certain  parts  by  the  Kaimur  sand-* 
stone  of  the  shales  that  come  in  immediately  above  the  Rhotas,  there  is 
no  unconforaaity  between  the  lower  Vindhyans  (sub-Kaimurs)  and  the 
upper  Vindhyans.  ^ 
Kheinjua  stage. — As  most  of  the   area  examined  this  season    is  under  a 
general  cover  of  superficial  deposits,  exposures  for  close 
The  Kheinjua  stage.       examination  of  the  beds  were  very  few  and  imperfect,  and 
thus  it  was  not  possible  to  arrive  at  a  more  minute  and  detailed  clasufication  of  the 
Kheinjnas  than  that  recorded  last  year.*    Hence  last  year's  classification  of  the 

>  Rec  Geol.  Surv.  Ind.,  XXVIII,  pt.  4,  p.  149* 

'  These  are  the  S  tones  into  which  the  Kheinjoas  were  dhrided  :-*-(l  escending  order), 
i.  Argillaceous  shales,  with  calcareous  concretions,  etc* 
ii.  Limestone  band. 

iii.  Shales,  with  thin-bedded  sandstone,  ripplemarked. 
iv.  Limestone,  with  shales  i   limestone  npplemarked,  impure  with  quarts  and  other 

enclosures. 
V.  Shales,  argillaceous  and  arenaceous,  ripplemarked,  with  thin  bands  of  s^dilpne, 
vi.  Sandstone,  thick  bedded  and  quartsitic. 
vii.  Limertone  with  shales, 
viii   Shales  and  sandstones. 

See  Rec.  Geol.  Surv.  Ind.,  XXVIU,  p.  146. 
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Kheinjoa  stage,  namely,  into  8  zones,  has  been  retained,  and  endeavonr 
has  been  made  to  correlate  the  sections  available  in  the  eastern  area  with  those 
of  the  western.  The  main  results  are  that  while  zone  i  (upper  part  of  Mr. 
Mallet's  subdivision  No.  8)  and  zone  iv  (subdivision  No.  7  of  Mallet's)  are  fairlj 
persistent  and  traceable  almost  throughout  the  area,  the  limestone  of  zone  iii  is  no- 
where exposed  in  this  eastern  area,  nor  is  the  zone  vii  well  defined,  though  a  thin 
limestone  band  does  occur  in  parts  of  the  area  not  far  from  its  horizon,  such  for 
instance  as  the  calcareous  band  i  mile  S  of  Churhat  (Lat.  24^25''5,  loi^. 
8i^42''5).  Zone  iii  no  doubt  occurs  probably  throughout  the  urea  though  it  is  not 
open  to  examination  owing  to  superficial  deposits.  The  absence  of  the  thick- 
bedded  quartzitic  sandstone  band,  i.^.,  zone  vi.  (part  of  subdivision  6  of  Mr. 
Mallet's)  coupled  with  the  circumstance  that  the  limestone  of  the  zone  vii  is  not 
generally  developed  or  traceable,  adds  to  the  difficulty  of  separating  v  from  viii. 
Thus  where  there  is  no  limestone  in  the  lower  parts  of  the  division,  zones  v-viii 
are  not  distinguishable  among  each  other. 

Reference  may  here  be  made  to  one  or  two  of  Mr.  Mallet's  remarks  recorded  by 

him  with    reference  to  the  Kheinjuas. — Mr.  Mallet  says 
Reported  absence  of  lime-       ,         ,      ,.  -  ,  .         ,■•...        xt  •       « 

stone  of  lone  hr,  i.e.,  of     that  the  limestone  of  his  subdivision  No.  7  is  absent  at 

Mallit'JIIt  nJdhi!^  ^'"  Bardhi.*  Now  there  can  be  no  question  that  there  is  a  broad 
band  of  limestone  well  exposed  on  either  bank  of  the  Gopat 
by  the  south-western  end  of  the  village  of  Bardhi,  and  that  it  occurs  as  part  of  the 
Kheinjuas  and  is  overlaid  by  thin-bedded  sandstones  and  argillaceous  shales  con- 
taining calcareous  concretions  which  certainly  belong  to  Mr.  Mallet's  subdivision  No. 
8*,  and  is  underlaid  by  shales  and  thin-bedded  sandstone  with  some  more  beds  (i .«., 
the  lowermost,  probably  shales)  that  are  concealed.  But  as  porcellanic  shales  (No. 
5  of  Mallet's)come  in  just  below  the  last  mentioned  set  of  beds — the  shales  and  thin- 
bedded  sandstones — ^there  can  hardly  be  much  doubt  that  these  shales  and  sandstones 
represent  his  subdivision  No.  6,  and  consequently  the  Bardhi  band  of  limestone 
must  belong  to  his  subdivision  No.  7.  While  the  existence  of  the  subdivisional 
limestone  No.  7  is  altogether  denied  at  Bardhi,  not  only  is  there  no  position  whatever 
assigned  in  Mr.  Mallet's  classification  to  the  prominent  band  of  limestone  of  Bardhi 
bat  it  is  not  so  much  as.  even  alluded  to  as  occurring  here. 

With  regard  to  the  statement  that  the  concretionary  shales  (f>.,  part  of  Mallet's 
subdivision  No.  8,  or  zone  i.of  the  Kheinjuas  of  my  clas- 
J^^^T^^^li^^.  sification)  rest  directly  on  the  porcellanic  shales  at  Bardhi, 
MaUet's  at  Bardhi.  '  and  that  consequently  the  intermediate  beds  (1.^.,  his  subdivi- 
sion Nos.  7  and  6)  are  entirely  undeveloped  there,*  the 
following  section  by  Bardhi  will  make  it  at  once  evident  that  a  good  thickness  of 
those  intermediate  beds  (subdivisions  7  and  6)  do  occur  there  and  that  thus  the 
concretionary  shales  of  subdivision  No.  8  do  not  rest  directly  on  the  porcellanica 
at  or  near  Bardlu. 

Section  N.  by  W,—S.  by  £.  By  Bardhi. 
(Descending  Order.) 

•.  Argillaceoas  shale*,  dark  ^ey  to  blackish,  containing  calcareous  concretions,  passing  doita 

1  Mem.  Geol.  Surv.  Ind.,  VII,  p.  38.    The  locality  is  here  named  "  Burdhee." 
s  Mem.  Geol.  Surv.  Ind.,  VII,  p.  40. 
t  Men.  Geol.  Sorv.  htd.,  VII,  p.  38^ 
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into  a  thin  tend  of  finely  buniiiated  light  grey  to  whitish  shale  with  crysUls  of  quarla 

Well  seeo  on  the  left  bank  of  the  Sone,  N.  W.  of  Bardhi. 
b.  BUnk. 
r.  Thin-bedded  sandstone  (with  an  occasional   thick  bed),  with  subordinate  bands  of  shales. 

These  are  the  beds  on  whkh  Bardhi  itself  stands  and  are  well  seen  on  the  right  bank  of  the 

Gopat  here. 
d.  Limestone  with  shales :  composed  of  an  apper  band  of  grey,  yellowish  to  pinkish  limestone, 

thick  bedded  and  cherty,  succeeded  by  greenish  argilUceoos  shales  and  '.these    being 

underlaid  by  a  thinner  band  of  rather  impure  limestone  with  intercalations  of  arenaceous 

Uyer.    Well  exposed  on  the  right  bank  of  the  Sone  at  ai  mUes  W.  by  N.  of  Bardhi  j  seen 

also  on  the  Gopat  just  S.  W,  of  Bardhi  itself. 
#.  Shales,  greenish  (argillaceous  as  weil  as  arenaceous),  with  thin-bedded  sandstone. 
A  Blank. 
Porcellanios. 

In  this  section : 

(a)  represents  sone  i   of   the  Khdnjnas,  s.#.,  uppermost  part   of  Mr.  Mallet's  subdivision 
No.  8 1 
sone  ii  may  be  present  but  is  not  exposed  ; 
(e)  „       sone  iii,  ia,,  lower  parts  of  'subdivision'  No.  8;  and   evidently  the  next  lower 

beds,  namely, 
(d)  reprssent  sone  iv,  <•#.,  subdhrision  No.  7  of  Mallet's,  and  that 

(#)  and  the  concealed  beds  of  blank  f,  represent  v,  vi  and  viii  (vii  in  all  probability  being 
Absent  from  the  section),  that  is,  subdivision  6  of  Mr.  Mallet's.  Thus  a  tolerably  good 
thickness  of  beds  of  *  subdivisions  '  7  and  6  are  interposed  between  the  shales  containing 
calcareous  concretions  belonging  to  No.  8  of  Mallet's  subdivisions  and  the  poroellanics 
in  the  neighbourhood  of  Bardhi. 

Porcellantc  stage.^Ol  the  three-fold   division  of    the   porcellanics,  namely, 

into  upper  porcellanics,  trappoids  and   lower  porcellanics,  as   indicated  from  the 

.  examination  of  the  ground  in  the  western  parts,  ^  the  trap- 

Trappoi^  generally        poids  seem  more  or  less  absent  in  the  area  examined  tl^s 

season.    They  (the  trappoids)  being  the  coarser  beds  it  is 

only  to  be  expected  that  they  would  be  more  or  less  local  in  extent  and  distribution 

Thus  in  this  eastern  area  the  porcellanics  consist  generally  of  shales  of  a  porcel- 

lanic  character  together  with  intercalations  of  ordinary  argillaceous  shales,  with  only 

very  local,  occasional,  coarser  beds — the  remnants  of  the  old  '  trappoids*. 

The  porcellanics  as  a  band  are  traceable  as  far  as  Agarwar(Lat.  34°  33''5,  long. 
8a^  4i'*S)«  Eastward  o£  this  surface  deposits  predominate  to  such  an  extent  as  to 
conceal  all  further  exposures,  and  the  course  indicated  by  the  porcellanics  is  there- 
fore to  some  extent  conjectural. 

Conglotneraiic  stage.-^Thls,    the    basal,    stage  of     the    lower    Vindhyans 
(sub-Kaimurs^  was  proposed  last  year  to  include  beds  of 
skiJ^o^a  ^  Ma^t'^i     subdivisions  Nos.  a  and  i  of  Mallet's."    Further  observa- 
cannot  be  maintunedas     tions  this  season  have  not  only  convinced  me  as  to  the  pro- 
basal* stage.^  '  *     priety  of  including  the  limestone  of  subdivision  2  in  this 

stage,  but  also  that  the  limestone  forming  Mr.  Mallet's 
subdivision  No.  2  cannot  be  maintained  as  a  subdivision  proper  at  all,  but 
that  it  can  be  regarded  only  as  a  zone  in  the  stage.  For  there  is  no 
limestone  constantly  present  occupying  a  horizon  intermediate  between  the 
porcellanics    and    the     subdivision    No.    x   (Mallet's);    in  hct  in   the    area 

1  Rec.  Geol.  Surv.  Ind.,  XXVllI,  pt.  4,  p.  146* 
>  Rec  Geol.  Svrv.  Ind.,  XXVIH*  pt.  4.  p.  147. 
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under  report  a  limestone  could  be  detected  onlj  for  a  few  miles  in  this  position. 
Even  when  it  does  occur  in  this  position  it  is  not  present  as  a  thick  mass,  nor  does 
it  exhibit  any  characteristic  peculiarities  entitling  itself  to  any  prominence,  but  on 
the  contrary  it  shows  an  intimate  connection  and  association  with  the  underlying 
beds,  as  if  it  formed  a  part  and  parcel  of  them.  Added  to  this  is  the  circum- 
stance that  it  does  not  present  an  uniform  and  persistent  character  in  all 
its  outcrops  but  is  of  a  character  exceedingly  inconstant  and  variable.  There 
certainly  does  occur  in  many  places  in  die  area  under  notice  one  thin  calcareous 

Horizoa  of  the  cal-  ^*"^'  ^'  ™^'®'  *"  *"  Conglomeratic  stage  but  the 
careous  band  or  bands  in  position  of  its  Occurrence  varies,  it  being,  sometimes 
this  stage  variable.  j,^  ^j^^    ^pp^^  p^^^^  ^f  ^j^^  ^^^^^  sometimes  about  the 

middle  and  occasionally  rather  near  the  base  than  otherwise.  So  the  arrangement 
Qf  the  conglomeratic  stage  into  two  subdivisions,  namely,  limestone  and  con- 
glomeratic and  calcareous  sandstone  that  was  suggested  must  be  given  up.  As  to 
any  new  grouping  of  the  beds :  Of  the  ground  surveyed  this  season  by  me  the  con- 
glomeratic stage  comes  in  only  in  part  of  it  and  even  in  this  limited  area  alluvium 
prevails  over  a  large  portion  and  thus  exposures  available  for  a  minute  examination 
were  exceedingly  few  and  unsatisfactory.  Under  these  disadvantageous  circumstan- 
Classification  of  the  ^^^  ^^^^  attempt  at  a  minute  classification— a  classifica- 
beds  of  the  sta^  into  tion  that  would  hold  good  generally— had  to  be  given  up  and 
two  subdivisions.  all  that  has  been  found  possible  is  to    suggest  an  anange- 

ment  of  the  beds  of  the  stage  into  two  broad  subdivisions,  namely  :^ 

(DXSCXMDING  OrDBK.) 
i.  Shalesjand  thin  bedded  sandstones,  with  one  or  more  of  cakareoiis  bands, 
ii.  Sandstones,  rather  thickest  bedded  and  often  rather  quart sitic,  with  conglomeratic  quartsite 
or  sandstone. 


Notes  from  the  Geological  Survey  of  India. 

Mysore. — During  a  recent  tour  of  the  Director  his  attention  was  drawn  by 
Dr.  J.  W.  Evans,  senior  Geologist  to  the  Government  of  Mysore,  to  certain  pecu- 
liarities of  the  so-called  Champion  reef  in  the  Kolar  gold-field,  which  show  that  it 
is  not  a  reef  or  vein,  but  a  true  bed  of  metamorphic  quartzite.  The  lie  of  the 
quartz  is  strictly  conformable  to  that  of  the  schists  on  either  side,  and  In  more  than 
one  place  it  has  been  bent  sharply  up  and  then  down  again  into  a  synclinal  and 
anticlinal  fold,  whose  axis  dip  steeply  to  the  northwards.  Where  the  quartz  is  bent, 
the  bedding  of  the  hornblende  schists  follows  it  and  can  be  seen  curving  over  the 
vacant  spaces  where  the  quartz  has  been  worked  out.  There  can  be  little  doubt 
that  Dr.  Evans'  interpretation  is  the  true  one,  and  that  the  gold  of  Mysore,  as  of  the 
Transvaal,  occurs  in  a  bed,  and  not  in  a  true  vein.  This  discovery  is  of  interest 
as  adding  yet  another  to  the  many  analogies  between  the  geology  of  India  and 
Africa,  and  is  not  without  its  bearing  on  the  economic  question  of  the  life  of  the 
Kolar  gold-field. 
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Part  2.]  iSq?*  February, 

Annual  Report  of  the  Geological  Survey  op  India  and  of  the 
Geological  Museum,  Calcutta,  for  the  year  1896. 

I.  At  the  commencement  of  the  year  the  disposition  of  the  officers  of  the  Survey 
was  that  stated  in  the  last  annual  report  Daring  the  year  Dr.  Warth  and 
Mr.  Anderson  resigned  their  appointments,  the  first  oa  the  15th  March,  the  second 
on  ist  September  1896. 

Two  ofiicers  have  been  granted  furlough.  Mr.  Griesbach  on  16th -May, 
Mr.  Datta  on  17th  September  1896. 

Both  sub-assistants  are  absent  on  leave,  Lala  Kishen  Singh  on  medical  certi- 
ficate from  I  St  October  1896,  and  Lala  Hira  Lai  on  privilege  leave. 

Dr.  Noetling  and  Mr.  Bose  have  been  absent  on  furlough  throughout  the  year. 

Mr.  LaTouche  returned  from  furlough  on  13th  October  1896. 

3.  Owing  to  retirements  and  departure  of  officers  on  furlough,  the  Survey  is 

working    very   short-handed  during   the    present  year;    the    disposition  is    as 

follows : 

Mr.  Miodlbuiss 
„    Holland 
„    LaTouchb 
,,    Smith     . 


Vrbdbnburq 
Grimbs    . 


']- Madras. 

•  Westers  Rajputana. 
.    Assam. 

.    South  Rewali. 

•  Burma. 


Sub-Assistant  Hira  Lai  will  be  posted  to  Madras  on  return  from  privilege  leave, 
If  his  services  are  required  by  Mr.  Middlemiss ;  if  not  required,  he  will  be  kept  at 
head-quarters  to  assist  in  the  transfer  of  the  office  of  the  Survey  into  the  new 
building. 

3.  Madras,^^T\xt  survey  of  the  Salem  and   Coimbatore  Districts  has  been 

energetically  pushed  forward,  and  it  is  expected  that  it  will 

Mr.  c.  S^MUWlcmiss.       ^^  completed  in  1897,  when  a  full  report  of  the  results  will 

be  submitted.    The  most  important  of  these  at  present  is 

the  conclusion  Mr.  Middlemiss  has  come  to>  that  the  massive  granitoid  gneiss  of 

Hosur,  which  had  been  regarded  as  probably  older  than  the  other  types  (Manual, 

2nd  edition,  p.  35),  cannot  be  said  to  be  older  or  younger  than  the  chamockite 

gneiss,  or  to  underlie  or  overlie  it.    At  the  limits  of  the  two  types  of  gneis8»  they 
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are  seen  to  end  in  long  tongues  which  interlock  with  each  other,  while  a  perfect 
mineralogical  passage  from  one  type  to  the  other  has  been  observed. 

4.  In  the  neighbourhood  of  Satyamangalam,  some  patches  of  quartz  schist,  con- 
taining numerous  crystals  of  kyanite— which  was  at  one  place  reported  as  corundum — 
are  regarded  by  Mr.  Middlemiss  as  probably  highly  metamorphosed  Dharwars. 
Ihe  southern  extensions  of  the  main  outcrops  of  this  series,  in  its  typical  form,  have 
been  mapped.  In  many  cases,  the  nature  of  the  boundary  suggests  that  the  gneiss 
is  in  reality  an  intrusive  granite,  as  there  is  a  band  of  it  crowded  with  fragments 
of  Dharwar  xock,  resembling  inclusions.  This  is  not  the  true  explanation 
according  to  Mr.  Middlemiss,  however,  as  there  are  many  sections  where  the 
Dharwars  are  clearly  unconformable  on  the  gneiss ;  and  he  considers  that  the 
apparent  inclusions  have  been  produced  by  a  post-Dbarwar  softening  of  the 
gneiss  and  movements  of  the  rock  while  in  this  condition. 

5.  An  interesting  fact  in  connection  with  the  Dharwars,  which  may  be  noticed 
here  though  we  owe  it  to  Dr.  J.  W.  Evans,  Senior  Geologist  to  the  Mysore  State,  is 
the  discovery  that  the  so-called  reefs  of  the  Kolar  goldfield  are  not  reels  in  Ihe 
ordinary  sense  of  the  word,  but  true  interbedded  quartzilea  of  the  %9m%  character 
as  the  famous  gold-bearing  deposits  of  the  Transvaal. 

In  the  neighbourhood  of  Kollegaf,  some  gold-bearing  reefa  were  exaoUned  by 
Mr.  Middlemisa.  One  of  these  near  KavodabaUi  (Cowda}li> 
is  now  being  exploited  by  a  mining  company  aad  good 
lodes  carrying  i  to  3)  ounces  of  gold  to  the  ton  are  said  to  have  been  fiouod.  It 
is  noteworthy  that  Mr.  Middlemiss  considers  that  the  rocks  of  the  Kawdahalli 
field  do  not  belong  to  the  Dharwar  series,  as  was  suggested  by  Mr.  Foote  {Re^ 
cords  XXI,  p.  55).  Mr.  Foote,  it  must  be  remembered,  had  not  visited  this  localityy 
and  his  suggestion  that  the  Dharwar  series  might  be  represented  there  was  purely 
an  inference  from  the  known  existence  of  old  workings,  and  the  fac€  that  m  the 
country  he  had  surveyed  all  the  gold-bearing  rocks  were  confined  to  the  Dharwar 
series.  It  was  known  that  the  gold  of  the  Wynaad  occurred  in  lOcks  very 
different  to  those  of  the  Dharwar  series  in  its  typical  exposures,  but  in  the  absence 
of  a  special  examination,  the  possibility  remained  that  the  difference  might  only  b^ 
due  to  a  greater  degree  of  m^amorphism.  Mr.  Middlemiss'  work  makes  it  more 
probable  that  the  difference  is  a  real  one,  and  that  the  gold  of  Southern  India  is 
bound  in  two  different  rock  systems  and  is  not  confined  to  one.  The  discovery, 
noticed  above,  that  the  gold-bearing  rock  of  the  Kolar  goldfield  is  a  true  metamor- 
phic  quartzite,  suggests  that  the  gold  is  of  derivative  origin,  and  is  consequently 
an  independent  indication  of  an  older  series  of  gold-bearing  rocks,  from  which 
the  gold  was  derived. 

6.  Concurrent  with  the  purely  geological  survey,  the  special  investigation  of  tiie 

corundum-bearing  rocks  has  been  actively  carried  on,  and 
has  resulted  not  only  in  the  discovery  of  many  new  localiliesy 
but,  what  is  more  important,  of  the  hct  that  the  corundum  occurs  in  definite 
bands  of  rock  which  can  be  followed  with  almost  the  same  certainty  as  a.  seam  of 
coal.  One  such  band— known  as  the  Paparapatti  band — ^has  actually  been  traced 
continuously  for  a  distance  of  36  miles. 

7.  The  preliminary  survey  being  sufficiently  advanced  to  render  the  conuQe^ce- 
ment  of  exploratory  workings  desirable^  with  a  view  to  testing  the  extent  and 
richness  of  the  corundum-bearing  rock,  arrangements  were  made  with,  the  Qovern- 
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ment  of  Madras  for  the  carrying  out  of  this  work.  Owin^  to  the  resignation  of 
Mr«  Anderson — who  had  been  intended  to  take  charge  of  this  work — a  modifica- 
tion of  the  original  plans  bad  to  be  made,  and  it  was  arranged  that  a  series  of  excava- 
tions should  be  made  by  the  Public  Works  Department,  at  places  to  be  pointed  oat 
by  Mr.  Mtddlemiss.  These  excavations  or  quarries  as  they  will  be,  are  intended 
to  show  the  thickness  of  the  corundum-bearing  bands,  and  whether  they  are 
continuous  or  occur  as  lenticular  patches.  A  fair  average  sample  of  the  rock 
extracted,  of  sufficient  size  to  give  a  trustworthy  estimate  of  the  richness  of  the  rock, 
is  to  be  carefully  cleaned  by  hand  and  the  proportion  of  corundum  to  matrix 
determined  by  weighing.  Samples  of  the  cleaned  corundum  and  of  the  rock  will 
then  be  sent  to  the  Secretary  of  State  for  submission  to  experts  with  reference  to 
(i)  the  value  of  the  cleaned  product  and  (2)  the  best  means  and  probable  cost  of 
separation.  Owing  to  the  fact  that  each  crystal  of  corundum  is  surrounded  by  a 
shell  of  felspar,  from  which  it  separates  as  readily  as  the  kernel  of  a  nut  from  its 
shell,  there  will  be  no  difficulty  about  the  mechanical  separation  of  the  corundum 
from  its  matrix,  and  the  whole  question  of  the  possibility  of  working  these  deposits 
on  an  industrial  basis  will  resolve  itself  into  the  three  questions,  of  quantity  of  ore, 
value  of  the  finished  product,  and  cost  of  production.  The  first  of  these  will  be 
determined  by  the  operations  carried  out  locally  ;  for  the  latter  two,  the  reports  of 
the  experts  will  give  the  answers.  In  this  manner,  a  result  will  be  attained  both 
more  satisfactory  in  itself  and  more  economically  than  by  the  employment,  on 
purely  exact  executive  work  of  a  nature  that  does  not  require  any  very  high  stand- 
ard of  attainments,  of  a  highly  paid  specialist,  who  would  not  have  been  able  to 
answer  the  questions  which  must  be  submitted  to  European  or  American  experts. 

Operations  are  now  in  active  progress,  and  the  results  of  the  first  weighings  give 
i5olb8.  of  clean  corundum  from  i  ton  of  rock. 

8.  Several  new  discoveries  of  iron  ores  have  been  made  during  the  progress  of 

the  survey  and  previously  known  sites  re-visited.    An  ap- 
'*"•  plication  has  also  been  made  by    the    Government    of 

Madras  for  the  examination  of  the  iron  ores  of  Kurnool,  but  in  view  of  the  report 
of  Mr.  Jeremiah  Head,  addressed  to  Her  Majesty's  Secretary  of  State  for  India, 
dated  2nd  May  1896,  which  shows  that  there  is  no  possibility  of  locally  manu- 
factured charcoal  iron  competing  with  the  imported  product,  all  special  investiga- 
tions  of  iron  ores  in  Madras  would  appear  to  be  a  waste  of  time.  In  the  case  of 
the  iron  ores  of  Kanjamalai,  near  Salem,  it  has  been  decided  to  send  100  tons 
home  for  an  exhaustive  trial  on  a  large  scale,  and  until  the  results  of  this  are  known, 
any  special  examination  of  iron  ores,  apart  from  what  can  be  done  in  the  course 
of  regular  survey,  is  to  be  deprecated. 

9.  In  February  an  application  was  made  by  Messrs.  Sugg  and  Company  for  a 

consignment  of  20  tons  of  steatite  from  the  Kurnool  Dis- 
^*'"*''**"  trict  and  this  department  instructed  to  inspect  the  consign- 

ment before  despatch.  The  necessary  instructions  were  accordingly  issued  to 
Mr.  Middlemiss,  who  reports  that  of  the  28  tons,  which  were  extracted  by  the  District 
authorities,  a  large  part  was  in  too  small  fragments  to  be  of  any  use,  and  only  a 
very  small  proportion  reached  the  dimensions  which  appear  to  be  required.  He 
has  condemned  13  of  the  28  tons  and  recommended  that  the  other  15  be  for- 
warded to  Messrs.  Sugg  and  Company  for  trial. 
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10.  Bengal. — At  the  commencement  of  the  year,  the  party  was  still  engaged  oa 

exploration,  but  in  February  a  site   was  selected  by  Mr. 
Chota  Nagpur,  Anderson  where  mining  operations  were  commenced  and 

Mr.  w.  Anderson.  Stamps  Set  Up,  but  there  was  great  delay  in  starling  them,  a 

Laia  Hira  Lai  delay  ostensibly  due  to  the  non-supply  of  certain  requisite 

stores,  the  exact  description  of  which  I  had  great  difficulty 
in  obtaining  from  Mr.  Anderson.  The  final  results  of  the  crushings  were  dis- 
appointing and  inconclusive  beyond  showing  that  the  quartz  at  Dhobni  near 
Borobhum,  worked  by  Mr.  Anderson,  contained  practically  no  gold. 

11.  Central  Indta^^^Dniing  the  working  season  of  1895-96  the  survey  of  Rewah 

had  been  practically  completed  and  would  doubtless  have 

Mr.  R.  D.  Oldham.         ^^^^  finished,  but  for  the  phenomenal  unhealthiness  of  the 

„*P.  N.  Datta.   '  season,  Messrs.  Datta  and  Grimes  were  both  completely 

I!  G*.  El^Gkhncsf '         prostrated  before  the  end  of  the  season,  while  among  the 

establishment  and  servants  fever  was  rampatu. 

12.  The  work  in  the  rocks  which  have  been  grouped  for  convenience  as  transi- 
tion has  resulted  in  the  establishment  of  at  least  one  well-marked  unconformity. 
The  existence  of  this  had  been  suspected  from  the  previous  season's  work,  but, 
though  now  well  established,  it  will  not  be  possible  at  present  to  devote  the  time 
necessary  for  detailed  mapping  to  the  determination  of  the  exact  distribution  of 
the  two  series.  It  is  also  extremely  doubtful  if  this  could  be  done  without  a  more 
perfect  topographical  map,  on  a  larger  scale  than  is  at  present  available. 

13.  In  the  Vindhyan  system,  Mr.  Datta's  survey  seems  to  show  that  there  is  a 
complete  conformity  between  the  lower  and  upper  Vindhyans  along  the  boundary 
at  the  foot  of  the  Kaimur  scarp.  Certainly  if  there  is  any  unconformity  it  is  of  the 
slightest,  extremely  difficult  of  detection,  and  in  most  striking  contrast  to  the  well- 
marked  unconformity  observable  a  few  miles  to  the  southwards,  as  described  in 
Records  XXVIII,  p.  139.  This  contrast  in  the  relations  of  the  series  at  places* 
so  close  together,  is  a  strong  support  of  the  suggestion  regarding  the  nature  and 
mode  of  origin  of  the  Vindhyan  sandstones,  first  propounded  in  the  Manual  of  the 
Geology  of  India^  and  edition,  p.  104. 

14.  In  the  Gondwana  area,  the  survey  of  the  western  extension  of  the  Singrauli 
coalfield  was  carried  out  and  some  discoveries  of  interest  made  in  the  course  of  it. 
In  the  Talchirs  of  Singrauli,  a  large  number  of  the  included  boulders  were  found 
to  show  striation  and  polishing,  resembling  that  to  be  seen  on  the  boulders  in 
glacier  moraines,  and  more  especially  in  what  is  known  in  Switzerland  as  *'Grund 
Moran.''  This  is  not  only  a  new  locality  for  these  scratched  boulders,  but  one  in 
which  they  are  more  abundant  and  perfect  than  has  yet  been  recorded  from  the 
Talchir  boulder  bed  of  the  Peninsula. 

15.  In  the  area  occupied  by  the  Damuda  rocks,  a  number  of  coal  seams  were 

observed  ;  the  assays  of  the  specimens  brought  to  Calcutta 
^^  *  have  given  poor  results,  but  it   must  be  remembered  that 

they  were  only  weathered  specimens  from  the  outcrop.  There  is  here  a  large 
coalfield  with  an  abundant  supply  of  coal,  but  too  remote  from  the  existing  lines 
of  communication  to  hold  out  any  prospect  of  successful  working  in  the  immediate 
future. 

16.  An  interesting  collection  of  fossils  was  made ;  amongst  them,  a  cluster  of 
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fronds  of  Glossopteris  attached  to  their  rootstock,  which  shows  the  characters  of 
Veriebraria.  A  somewhat  similar  discovery  of  Glossopteris  fronds  attached  to 
Veriehraria  has  been  recorded  from  South  Africa,*  and  the  trae  nature  of  that 

mysterious  fossil  known  as  Veriehraria  may  now  be  taken  as  settled. 

17.  It  is  noteworthy  that  the  numerous  intrusions  mapped  are  all  basaltic  and 
that  none  of  the  peridotites  which  have  been  described  by  Mr.  Holland  from  the 
eastern  coalfields  of  Bengal  were  observed. 

18.  Baluchisfan.'-Duiing  the  working  season  of  1895-96,  Sub-Assistant  Kishen 

Singh  was  engaged  on  the  survey  of  the  Chehiltan  range 
Lala  Kishen  Singh.  and  part  of  the  Khwdja  Amrdn,  and  in  the  collection  of 

fossils  from  the  hills  near  Khelat.  According  to  his  report,  the  Khojak  shales 
underly  the  '  massive  limestone '  (Jurassic)  with  a  marked  unconformity.  This 
observation,  if  confirmed,  is  inconsistent  with  the  eocene  age  ascribed  to  the  former 
rocks  by  Mr.  Griesbach  in  his  original  report  (Memoirs,  XVIII),  and  subsequently 
confirmed  by  the  discovery  of  nummulites,  as  announced  in  the  Annual  Report 
for  1894  ;  on  the  other  hand,  it  is  in  accordance  with  the  conclusion,  adopted 
in  the  second  edition  of  the  Manual,  that  these  shales  are  older  than  tertiary,  and 
not  impossibly  triassic  in  age.  The  grounds  for  this  correlation  are,  as  was  statedt 
very  inadequate ;  no  fossils  had  then  been  found  in  any  part  of  them,  and  it  was 
only  the  exigencies  of  classification  that  led  to  any  definite  age  being  ascribed,  even 
conjecturally.  The  most  probable  explanation  is  that  the  Khojak  shales  belong 
to  more  than  one  stratigraphical  series,  and  that  the  apparent  discrepancy  will 
vanish  when  this  region  is  fully  surveyed. 

19.  The  collection  of  fossils  from  the  neighbourhood  of  Khelat  has  not  yet  been 
examined,  but  Dr.  Carter's  discovery  ^i ^Orthoceras  has  not  been  repeated. 

ao.  Rajpuiana. — ^The  survey  of  Rajputana  has  been  resumed  during  the  present 
working  season,  and  Mr.  LaTouche  is  engaged  in  Southern 
Mr.  T.  D.  LaTouche.        Marwar.    The  commencement  of  field  work  was  delayed 
by  causes  beyond  control  and  no  results  of  importance  can  yet  be  reported. 

21.  Punjab. — During  part  of  the  recess  season,   Mr.  Hay  den  was   deputed  to 

complete  the  geological  survey  of  Simla  and  Mahdsu,  of 

..    .?'?/'';.    ^  which   a  preliminary  account   was  published  in   Records* 

Mr.  H.  H.  Hayden.         __  ,    __._    ^  i     -j  •  1./. 

Vol.  XX,  p.  143.  Besides  some  mmor  modifications  m 
detail  of  the  mapping  of  Simla  proper  and  the  extension  of  the  survey  over  the 
Mahdsu  ridge,  Mr.  Hayden  was  able  to  complete  the  examination  of  Jutogh,  to 
which  I  was  unable  to  devote  more  than  a  slight  attention  in  1887,  and  to  deter- 
mine in  detail  the  sequence  of  the  rocks  grouped  as  the  upper  or  Jutogh  carbona- 
ceous slates  and  limestones. 

22.  In  the  course  of  this  survey,  some  light  has  been  thrown  on  a  vexed  question 
in  the  geology  of  Simla  and  Jutogh.  It  has  long  been  known  (see  H.  B.  Medli. 
cott,  Memoirs  III,  pt.  2,  p.  34)  that  the  rocks  at  the  summit  of  Jako  show  a  much 
higher  degree  of  metamorphism  than  in  the  bottoms  of  the  surrounding  valleys ; 
where  we  find  slates  and  phyllites,  from  which  there  is  a  passage,  as  the  hills  are 
ascended,  though  more  and  more  schistose  rocks,  to  a  highly  crystalline  garneti- 
ferous  mica  schist.  In  1887,  I  discussed  the  three  alternative  explanations  which 
were  possible,  but  the  facts  then  collected  were  insufficient  to  de.cide  between 
them.    Mr.  Hayden's  observations  indicate  the  probability  that  in  the  case  of 

•  R.  Zeillar.  Comptei  Rendu*,  CXXII,  p.  744.  and  Boll.  Soc.  GeoU,  France,  3rd  Ser.,  XXIV,  p.  349. 
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Jutogh  at  least,  there  is  a  central  core  of  igneous  rock  to  whose  intrusion  the 
metamorphism  of  the  beds  is  due.  He  finds  that  the  whole  series  of  beds  on  the 
Jutogh  hill  show  uiimistakeable  signs  of  contact  metamorphism  and  in  two  places 
intrusive  diorite  was  found  in  the  form  of  numerous  dykes  and  veins  cutting  the 
sedimentary  rocks,  which  had  been  altered  almost  beyond  recognition. 

23.  Norih'Wesiern  Provinus.— The  investigation  of  the   stability  of  the  hill 
Naitii  Tal.  ^^^®*  ^^  Naini  Tal  has  been  completed  and  a  full  report 

Mr.  T.  H.  Holland.  published.  As  Originally  proposed,  this  investigation  was 
to  have  been  carried  out  by  an  officer  of  the  Geological 
Survey  in  conjunction  with  an  Engineer  and  was  to  have  included  specific  recom- 
mendations as  to  protective  measures  to  be  undertaken.  Owing  to  various  causes 
this  programme  was  not  carried  out,  and  the  investigation  and  report  were  made 
by  Mr.  Holland  alone.  It  is  a  very  complete  and,  it  is  anticipated,  final  statement 
of  the  conditions  of  the  problem,  the  nature  of  the  dangers  to  be  apprehended,  and 
the  character  of  the  remedied  measures  required.  The  execution  of  these,  when 
decided  on,  must  be  left  to  the  Public  Works  Department,  which  will  find  in  Mr. 
Holland's  report  the  fullest  information  regarding  those  aspects  of  the  problem 
which  would  not  come  within  the  cognizance  of  its  officers,  but  which  must  be 
attended  to  if  more  harm  than  good  is  not  to  result  from  its  operations. 

34.  Assam. — The   survey  of    Assam  has  been  resumed  during  the  present 
M    F  H  S  'th  working  season,  and  Mr.  Smith  is  at  present  engaged  on  the 

survey  of  the  eastern  part  of  the  Mikir  hills.  It  is  hoped 
that  some  light  may  be  thrown  on  the  manner  in  which  the  cretaceous  and 
nummulitic  rocks  pass  norlh*eastwards,  and  on  the  manner  of  their  final  disappear- 
ance. It  is  probable  too  that  coalfields  of  value  to  the  Assam*Bengal  Railway  may 
be  met  with  in  the  course  of  the  survey. 

35.  During  the  field  season  of  1895-96,  Mr.   Hayden  was  employed  in  Burma, 
Burma.  following  the  precedent  of  former  years^  under  the  direct 

Mr.  H.  H.  Hayden.  Orders  of  the  Local  Government.    After  the  completion  of 

„  G.  E.  Grimes.  ^^  examination  of  the  Sagyin  ruby  tract,  which  was  referred 

to  in  last  year's  report,  be  was  instructed  to  examine  the  Mithwe  coalfield,  a  yellow 
ochre  deposit  near  Panp^,  and  the  steatite  mines  which  were  reported  to  be 
situated  in  the  Minbu  District,  but  which  were  found  to  be  in  the  Kyaukpyu 
District  of  Arakan. 

36.  The  Mithwe  coalfield  is  situated  about   5   miles  south-east  of  Lagat  and 

consists  of  tertiary  clays,  sandstones  and  conglomerates. 

The  coal  occurs  in  thin  seams,  the  best  of  which  is  3'  8* 

thick,  but  only  extends  for  113  feet  along  the  outcrop ;  it  is  shaly  and  poor,  and  the 

beds  are  highly  disturbed,  faulted,  crushed  and  penetrated  by  intrusions  of  gabbro, 

diallage  rock  and  serpentine. 

27.  Of  the  yellow  ochre  deposit  little  more  need  be  said  than  that  it  exists. 

Ochre.  with  a  varying  thickness,  whose  maximum  is  30  feet. 

aS,  The  steatite  of  the  Kyaukpyu  District  is  found  in  considerable  quantity  and 

has  hitherto  been  mined  at  two  localities,  about  30  miles 

*^*'**'  west  of  the  village  of  Hpa-aing  and  near  Senlan  village  in 

Ngape  township.    Both  these  villages  are  in  the  Minbu  District,  but  the  first 

named  mines  are  on  the  west  on  the  watershed,  and  consequently  in  the  Kyaukpyu 

DistQct.    The  mines  descend  as  much  as  300  feet  by  narrow  tortuous  shafts. 
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and  are  abandoned  in  the  rains  owing  to  the  indnz  of  water,  and  the  risk  the 
miners  run  of  finding  themselves  shut  in  by  falls  of  rock  in  the  nntimbered  shafts 
and  galleries. 

39.  These  results  cannot  be  regarded  as  satisfactory  either  from  a  scientific  or 
economic  point  of  view.  For  this,  Mr.  Hayden  can  in  no  ^ay  be  held  responsible  ; 
on  the  other  hand,  his  work,  carried  on  under  circumstances  of  exceptional  diffi- 
culty, attended  by  no  small  hardship,  and  in  spite  of  his  being  hampered  by  the 
want  of  proper  maps  for  the  execution  of  a  geological  survey,  the  scattered  distri- 
bution of  the  localities  visited,  and  by  the  imperfect,  where  not  misleading, 
information  supplied  to  him,  is  deserving  of  the  highest  praise.  The  failure  can 
only  be  ascribed  to  the  conditions  under  which  he  worked,  conditions  which 
were  necessary  and  advisable  in  the  early  days  when  the  province  first  came 
under  British  rule,  but  which  had  unfortunately  been  allowed  to  survive  their 
utility.  All  the  principal  known  mineral  tracts  of  tipper  Burma  have  now 
been  visited  and  examined  as  far  as  can  be  done  in  the  absence  of  accurate 
topographical  maps,  and  it  is  not  to  be  expected  that  the  Local  Government, 
having  no  responsible  adviser,  should  be  able  to  profitably  direct  work  of  so 
technical  a  nature  as  the  geological  survey.  The  system  has  now  been  ended, 
and  the  geological  survey  in  Burma  been  put  on  the  same  footing  as  in  other  parts 
of  the  Empire. 

30.  The  report  on  the  Yenangyoung  oilfield,  referred  to  in  the  last  annual  report, 

is  now  in  a  very  forward  state,  and  will  be  published  shortly. 
Petroleum.  j^^   .^   jy^    Noetling  shows  that  the  Yenangyoung  field  is 

already  showing  signs  of  exhaustion,  and  in  view  cf  this,  and  his  belief  that  the 
field  has  only  a  few  more  years  of  life,  it  was  determined  to  take  up  the  survey 
of  the  country  between  the  Yenangyoung  and  Yenangyat  oilfields,  with  a  view 
to  determining  whether  there  was  any  reasonable  prospect  of  a  fresh  oilfield 
being  found  in  that  tract.  Mr.  Grimes  was  deputed  for  the  work  and  started  for 
Burma  at  the  end  of  October ;  good  progress  has  been  made  with  the  survey  and 
already  indications  have  been  met  with  of  the  existence  of  a  fresh  oilfield,  but 
no  more  definite  statement  can  at  present  be  made. 

31.  On  his  way  to  the  ground,  Mr.  Grimes  visited  the  Yenangyoung  oilfield  in 
order  to  make  himself  acquainted  with  the  rocks  he  would  meet  with  during 
his  survey,  and  in  the  course  of  this  visit  observed  an  interesting  improvement 
which  had  been  adopted  by  the  well-diggers.  Formerly,  the  stay  which  a  digger 
could  make  at  the  bottom  of  a  deep  well  was  to  be  timed  by  seconds,  while  a  long 
period  of  rest  at  the  surface  was  required  to  enable  him  to  recover  from  the  effects 
of  the  noxious  vapours  he  had  inhaled.  Mr.  Grimes  noticed  that  they  had  now 
adopted  the  use  of  a  diving  dressi  without  the  heavy  weights  required  for  work 
under  water ;  the  use  of  this  apparatus  has  been  introduced  during  the  last  five 
months,  and  there  are  already  six  machines  at  work.  One  result  is  the  cheapening 
of  the  excavation,  for  instead  of  remaining  down  only  a  fraction  of  a  minute  at  a 
time,  the  workman  can  now  stay  down  for  hours ;  another  is  that  the  depth  to 
which  a  well  can  be  dug  is  increased,  instead  of  being  limited  to  about  300 
feet  on  account  of  the  great  difficulties  encountered  under  the  old  system ;  and  a 
third — the  consequence  of  the  last— is  an  increase  of  the  life  of  that  part  of  the 
field  which  is  worked  by  the  native  method. 
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33.  Museum  and  Laboratory. — ^Mr,  Holland  has  continned  his  petrological 

studies  of  Indian  rocks,  the  principal  of  which,  during  the 

M*^'  !•  ?•  S**"f*^'  P*^^  y*^^'  ^^^  ^®°  *  study  of  the  basic  intrusive  rocks  of 

^   *  ancient  date.     A  series  of  these,  penetrating  the  crystalline 

rocks  of  Southern  India,  had  been  regarded  as  the  underground  equivalents  of  the 

lava  flows  of  the  Cuddapah  series  ;  the  petrological  examination  has  confirmed  this 

supposition  and  has  besides  shown  them  to  be  of  unusual  interest  in  themselves. 

33.  The  rocks  are  divided  into  three  groups,  which,  though  separated  for  con- 
venience of  description,  pass  into  one  another  by  imperceptible  gradations. 
They  are  (i)  olivine  norite  group,  (a)  augite  norite  group,  and  (3)  augite  dio- 
rite  group.  The  order  of  succession  of  the  minerals  is  constant  throughouti 
the  late  development  of  the  felspar  in  the  basic  types  giving  rise  to  a  remark- 
able micropegmatitic  structure. 

34.  The  olivines  in  the  more  basic  members  show  remarkably  well-developed 
''  reaction-borders,"  where  they  come  in  contact  with  the  plagioclase  crystals* 
and  Mr.  Holland  has  discussed  the  bearing  of  the  evidence  they  offer  on  previ- 
ously recorded  conclusions  concerning  similar  phenomena. 

35.  The  most  interesting  feature,  however,  is  the  constant  presence  of  mtcropeg- 
matite  in  the  augite  diorite  group,  playing  the  part  of  ground  mass  to  the  previously 
crystallized  felspar  and  pyroxene.  Mr.  Holland  regards  these  patches  of  micro- 
pegmatite  as  the  result  of  a  distinctly  late  phase  in  the  consolidation  of  the  rock,  and 
discusses  the  interesting  bearing  of  these  facts  on  the  association  of  these  basic  rocks 
with  granophyres  and  on  the  almost  constant  miarolitic  structure  of  the  latter  rocks. 

36.  An  important  study  of  the  corundum-bearing  rocks  of  India  has  also  been 
completed,  in  connection  with  the  preparation  of  a  memoir  on  the  subject,  now 
ready  for  the  Press  ;  this  has  resulted  in  the  discovery  of  some  interesting  facts 
in  connection  with  the  paragenesis  of  this  important  mineral,  and  especially  with 
regard  to  its  relations  with  the  pyroxene  granulite  series,  so  largely  developed  in 
Madras.  At  Singanamaranhalli,  in  the  Hunsur  taluk  of  Mysore,  the  corundum 
beds  were  found  by  Mr.  Holland  to  be  associated  with  an  intrusion  of  olivine- 
bearing  rocks,  similar  to  those  of  the  well-known  Chalk  Hills  near  Salem,  and 
large  masses  of  a  rock  composed  of  a  highly  ferriferous  enstatite  with  magnetite 
and  the  iron-alumina  spinel,  hercynite.  The  association  here  is  very  strikingly 
like  that  of  the  rocks  in  which  the  corundum  (emery)  occurs  in  the  Cortland 
series  of  New  York  State,  where  there  is  a  development  of  pyroxenic  .granulites 
and  ultrabasic  rocks,  presenting  characters  precisely  similar  to  those  of  the  char- 
nockite  and  norite  series  in  South  India.  A  similar  association  of  corundum  with 
hercynite,  magnetite,  and  rhombic  pyroxenes  has  been  described  on  the  eastern 
edge  of  the  Bohemian  Forest,  the  original  home  of  the  mineral  hercynite.  Speci- 
mens obtained  from  the  Hindupur  taluk  of  Bellary  district  show  an  immediate 
contact  of  corundum  with  hercynite  and  magnetite,  whilst  in  Chennimalai,  Erode 
taluk,  Coimbatore  district,  corundum  crystals  are  found  surrounded  with  hercynite. 

37.  These  occurrences  of  corundum  stand  in  apparent  contrast  to  those  which 

have  been  described   by  Mr.  Middlemiss  in  the  Salem  and  Coimbatore  districts, 

where,  instead  of  being  associated  with  ultrabasic  rocks,  the  corundum  appears  as  a 

member  of  the  ordinary  gneisses  and  is  never  far  from  intrusions  of  graphic  granite. 

Such  also  seem  to  be  the  relations  of  the  blue  corundum  discovered  by  Dr.  Wartb 
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in  Manbhum  district  of  Bengal.  In  describing  the  latter  specimens,  Mr.  Holland 
has  compared  them  with  a  similar  occurrence  of  blue  corundum  with  kyanite, 
andalusite,  and  damourite  in  Virginia,  United  States  of  America,  in  which  Dr. 
Genth  considers  the  last-named  three  minerals  as  derived  from  the  corundum ;  but 
the  Manbhum  specimens  offer  no  support  to  such  a  conclusion.  The  corundum 
crystals  are  well  formed,  with  lustrous  faces,  and  are  small  compared  with  the  beau- 
tiful great  crystals  of  kyanite,  in  which  they  lie  without  apparent  regularity  of 
crystallographic  disposition.  If  the  latter  mineral  and  the  mica  were  formed  by 
change  of  the  former,  there  would  surely  be  the  usual  signs  of  etching  and  ir« 
regularity  of  contour  due  to  decomposition.  The  case  seems  a  very  simple  one  of 
separation,  under  conditions  of  free  molecular  movement,  of  the  excess  of  the  simple 
base,  alumina,  followed  by  a  crystallization  of  its  silicate  as  kyanite,  the  mica  being 
secondary  and  derived  by  irregular  change  of  the  latter  mineral.  Such  a  conclu- 
sion is  in  agreement  with  the  facts  and  is  in  accordance  with  the  commonly- 
observed  order  of  events  in  most  crystalline  rocks. 

38.  PersonmL-^With  the  end  of  1896,  Mr.  Holland's  charge  of  the  Museum 
and  Laboratory  has  terminated,  as  the  decision  has  been  arrived  at  that  it  is  neces- 
sary, in  the  interests  of  the  public  service,  that  he  should  acquire  a  practical  expe- 
rience of  the  ordinary  field  work  of  the  Survey.  During  the  six  years  he  has  been 
in  charge  of  the  Museum,  the  record  has  been  one  of  continuous  progress.  In 
addition  to  the  numerous  petrological  researches  and  economic  enquiries  to  which 
previous  annual  reports  and  the  publications  of  the  Survey  bear  witness,  the  whole 
of  the  mineral  and  rock  collections  have  been  rearranged,  the  rocks,  numbering 
over  171500  specimens,  have  been  re-registered  and  pat  into  such  order  that  any 
required  specimen  can  be  promptly  referred  to,  and  the  specimens  exhibited  to  the 
public  completely  rearranged  ;  the  mineral  and  economic  collections  amounting  to 
over  18,000  specimens  were  left  in  perfect  order  by  Mr.  Mallet,  but  the  growth  of 
the  collections  since  his  retirement  has  necessitated  much  work  in  rearranging  the 
specimens  to  make  room  for  the  additions,  and  the  collection  has  been  revised  and 
re-labelled.  A  guide  to  the  mineral  collection  has  been  published,  while  guides  to 
the  collections  of  rocks  and  of  economic  geology  are  being  prepared  and  will  appear 
in  due  course. 

39.  It  is  not,  however,  too  much  to  say  that  this  record  of  work  done  would  have 
been  impossible,  but  for  the  zealous  and  efficient  assistance  of  Mr»  Blyth,  whose 
services  have  been  recognized  by  the  Government  of  India,  and  rewarded  by  a 
permanent  increase  of  salary. 

40.  Little  work  has  been  done  in  the  collection  of  fossils,  which  have  unfortun- 
ately fallen  into  a.  state  approaching  disorder.  This  is  to  be  attributed  in  part  to  the 
lengthened  absences  of  the  Palaeontologist  from  Calcutta,  but  mainly  to  the  absence 
of  any  competent  assistant  to  take  charge  of  the  collections  and  see  to  the  neces- 
sary routine  of  posting  the  registers,  storing  the  specimens,  and  attending  to  the 
periodical  cleaning  of  the  cases  and  renewal  of  labels.  Mr.  Blyth's  time  is  already 
fully  occupied,  and  the  appointment  of  another  assistant  has  become  imperative  if 
the  large  and  valuable  collection  of  fossils  is  not  to  lapse  into  a  state  of  chaos. 

41.  Daring  the  year  the  Survey  has  lost  the  services  of  Dr.  Warth,  who  retired  on 
pension  on  15th  March  1896,  and  Mr.  W.  Anderson^  who  resigned  his  appointment 
on  I8t  September.    Neither  of  these  vacancies  has  been  filled  up^  and  as  regards 
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the  last  mentioned,  it  id  donbtffil  whether  fttijr  advantage  i6  to  be  derived  from 
attempting  to  fill  it  up.  Experience  has  shown  that  it  is  practically  impossible  to 
obtain  men  of  the  stamp  desired  when  Mr.  Anderson  was  appointed,  and  the 
reason  is  not  far  to  seek.  Men  with  technical  knowledge  of  exploitation  of  tniner* 
als  naturally  prefer  to  take  service  with  mining  companies,  from  whom  they  not 
only  expect  higher  salary  than  they  are  likely  to  get  in  the  service  of  the  Govern- 
ment, but  from  whom  they  may  expect  as  the  reward  of  sseal  and  competence,  a 
permanent  employment  on  an  increasing  income,  as  the  venture  they  conduct 
advances  in  prosperity.  It  is  also  very  doubtful  whether  the  services  of  such  men 
are  either  necessary  or  desirable  for  the  work  which  alone  can  be  reasonably  ex* 
pected  of  the  Government.  I  am  strongly  of  Opinion  that  it  will  be  in  every  way 
more  satisfactory  that  all  economic  investigations  should  be  carried  out  under  the 
scientific  supervision  of  the  permanent  officers  of  the  Geological  Survey,  and  that 
the  only  special  assistance  required  is  for  the  sinking  of  quarries,  shafts,  or  bore 
holes,  as  the  case  may  be.  This  is  the  procedure  which  has  been  adopted  for  the 
investigation  of  the  corundum  deposits  of  Madras  (para.  7),  and  I  would  urge  that 
the  experiment  be  given  a  fair  trial  before  a  highly  paid  so-called  specialist  is 
again  appointed  to  carry  out  work,  Which  is  Well  within  the  competence  of  the  per- 
manent staff  of  the  Survey. 

43.  Messrs.  Vredenburg  and  Grimes  were  employed  in  Rewah  during  their  first 
season.  Mr.  Vredenburg  has  shown  great  thoroughness  and  care  in  the  work  en- 
trusted to  him  and  gives  promise  of  becoming  a  thoroughly  efficient  member  of  the 
Survey.  Mr.  Grimes  was  mcrch  hampered  by  ill-health  as  already  noticed ;  when 
sent  into  a  country,  the  rocks  of  which  were  unknown  to  him,  except  from  printed 
descriptions,  he  showed  considerable  power  of  adapting  himself  to  the  changed 
circumstances  and  has  done  creditable  work.  I  have  considered  that  he,  as  well 
as  Mr.  Vredenburg,  may  be  trusted  with  independent  charge,  and  they  have  been 
employed  in  Burma  and  South  Rewah  respectively,  as  has  been  mentioned  above. 
Reports  received  from  both  during  the  past  three  months  have  shown  satisfactory 
progress  in  spite  of  considerable  difficulties  encountered. 

43.  Publica/ions.-^The  long-delayed  Memoirs  on  the  Bellary  district,  by  Mr. 
R.  B.  Foote,  F.G.S.  (Vol.  XXV),  and  on  the  Hazara  district,  by  Mr.  C.  S. 
Middlemiss  (Vol.  XXVI)  have  been  published.  The  contents  of  both  have  been 
noticed  in  previous  annual  reports.  Of  the  Palaeontologia  Indica,  part  i»  Vol.  I, 
Series  XVI,  The  Fauna  of  the  KellaWays  Mazar  Drik,  by  Dr.  Noetling,  has  been 
published.  Parts  a  and  3  of  the  same  volume  and  Dr.  Diener's  description  of 
the  lower  trias  fossils  of  the  Himalayan  collection  are  well  advanced  towards  publi- 
cation, as  well  as  Dr.  Nestling's  Memoir  on  petroleum  in  Burma.  In  addition,  the 
report  on  the  geological  structure  and  stability  of  the  hill  slopes  around  Naini  Tal 
has  been  published,  to  which  reference  has  already  been  made. 

44.  During  the  year  two  Important  papers  have  been  published  bearing  on 

Indian  geology.    The  first  of  these  is  the  description  by 

fomf*^**"**    *"**'**^     ^'  ^^'^®'  ^'  *  collection  of  fossils  from  the  coalmeisures 

of  the  Transvaal,  to  which  reference  has  been  made  in 

para.  16.  The  second  is  the  long-expected  description  by  Professor  Judd*  of  the 

collection  made  by  Mr.  Barrington  Brown  from  the  ruby  mines  of  Upper  Buntta. 

The  crystalline  limestones  in  which  the  mbtes  occur  are  associated  wiOi  pyior- 

•put  Trans.  CLXXXVII,  p.  151. 
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enic  and  scapoHte*bearing  rocks,  resembling  the  PTiozenic  (hjrpersthene-bearing) 
jocks  of  Madras.  These  limestones  are  regarded  as  an  extreme  form  of  altera- 
tion of  lime-bearing  pyroxene  gneisses,  the  formation  of  scapolite  being  described 
as  a  step  in  the  formation  of  calcite  from  plagioclase  felspar.  The  source  of  the 
alnmina  and  magnesia  in  the  rabies  and  spinels,  and  of  the  calcite  in  which  these 
minerals  are  imbedded,  is  taken  to  be  the  basic  lime  felspar  (anorthite)  and  asso- 
ciated minerals  of  the  pyroxene  gneisses. 

45.  It  will  be  seen  that  according  to  Professor  Judd  the  comndnm  and  its  matrix 
are  both  products  of  alteration  of  a  pre-existing  rock,  while  Mr.  Holland,  from  his 
studies  of  the  corundum-bearing  rocks  of  Madras,  regards  the  corundum  as  an 
original,  and  in  fact  the  first  formed,  constituent  of  the  rock  in  which  it  occurs* 
Such  discrepancies  must  be  excepted  while  our  knowledge  of  the  chemical  reac- 
tions, which  go  on  in  the  interior  of  the  earth,  remains  as  imperfect  as  it  is  at 
present,  and  there  are  sufficient  differences  in  the  modes  of  occurrence  of  the 
corundum  of  the  Ruby  Mines  and  of  Southern  India  to  render  it  possible,  and 
even  probable,  that  its  mode  of  origin  was  not  the  same  in  both  cases. 

46.  The  additions  to  the  library  during  the  past  year  amount  to  2,396  volumes 

Libnrv  and  ports  of  volumcs,  of  which   1,370   were  acquired  by 

presentation  and  1,036  by  purchase. 


Calcutta  ;  "\ 


R.  D.  OLDHAM, 
Officiating  Director^  Geological  Survey  tf  India* 


The  isi  January  i8gj. 
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List  of  Societies  and  other  Institutions  from  which  publications  have 
been  received  in  donation  or  exchange  for  the  Library  of  the  Geolo' 
gical  Survey  of  India  during  the  year  i8g6. 

Adelaide.— Geological  Survey  of  South  Australia. 

u  Royal  Society  of  South  Australia. 

Baltimore. — ^Johns  Hopkins  University. 
BASEL.*--Natur{or8chende  Gesellschaft. 
Batavia.— Kon.  Natuurkundige  Vereeniging  in  Nederl.— Indie. 
Belfast. — Natural  History  and  Philosophical  Society. 
Berkeley. — University  of  California. 

Berlin. — Deutsche  Geologische  Gesellschaft. 
»,         K.  Preuss.  Akad.  der  Wissenschaften. 
9,         K.  Preuss.  Geologische  Landesanstalt. 
Bombay. — Meteorological  Department,  Government  of  Bombay. 
9,         Natural  History  Society. 
n         Royal  Asiatic  Society. 
Bordeaux.— Soci^t^  Linn^enne  de  Bordeaux. 

Boston.*— American  Academy  of  Arts  and  Sciences. 
9,         Society  of  Natural  History. 
Breslau. — Schlesische  Gesellschaft  fQr  Vaterl.  Cultur, 
Brisbane. — Geological  Survey  of  Queensland. 

„  Royal  Geological  Society  of  Australasia. 

„  Royal  Society  of  Queensland. 

Bristol. — Naturalists'  Society. 
Brussels. — Academic  Royale  des  Sciences. 

,,         Mus^e  Roy.  d'Hist.  Nat.  de  Belgique. 
„         Soci^t^  Beige  de  G^ographie. 
„         Soci^t6  Royal  Malacologique  de  Belgique. 
Bucharest. — Museului  de  Geologia  si  de  Paleontologia. 
Budapest. — ^Kdn.  Ungarische  Geologische  Anstalt. 
,,  Ungarische  National  Museum. 

Buenos  AiRES.^Acad.  National  de  Ciencias. 

Caen.— Soci^t^  Linn^enne  de  Normandie. 
Calcutta. — Agricultuial  and  Horticultural  Society  of  India. 
„         Asiatic  Society  of  Bengal. 
„         Calcutta  University. 
9,         Editor,  The  Indian  and  Eastern  Engineer. 
'  ,9         Meteorological  Department,  Government  of  India. 
„         Survey  of  India. 
Cambridge.— Philosophical  Society. 
n         University  of  Cambridge. 
,i         Woodwardian  Museum. 
Cambridge,  Mass. — Museum  of  Comparative  Zodlogy. 
Canada. — Hamilton  Association. 
Cassel.— Vereins  far  Naturkunde  zu  Kassel. 
Cincinnati.— Society  of  Natural  History. 
Copenhagen.— Kong.  Danske  Videnskabemes  Selskab. 
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Dehra  Dun.— Great  Trigonometrical  Survey. 
Des  Moines. — Iowa  Geological  Survey. 

Dresden. — 1^.  Min.  Geological  und  Praehist.  Museum. 
„  Naturwissenschaftliche  Gesells.  I  sis. 

Dublin. — Royal  Dublin  Society. 
n  99      Irish  Academy. 

Edinburgh. — ^Geological  Society. 

„  Royal  Scottish  Geographical  Society. 

„  fi         I,      •  Society  of  Arts. 

9,  „     Society. 

Glasgow. — Glasgow  University. 
,»  Philosophical  Society. 

GoTHA. — ^Editor,  Petermann's  Geog,  Mittheilungen. 
GoTTiNGEN. — K.  Gesells.  der  Wissenschaften. 
Halifax. — Nova  Scotian  Institute  of  Science. 
Halle.— Naturforschenden  Geselischaft. 

n         Academla  Csesarea  Leop.-Carol.  Nat.  Curiosorum. 
Jefferson  City. — Missouri  Geological  Survey. 

KdNiGSBBRG . — Physikalisch-Okonomische  Geselischaft. 
Lausanne. — Soci^t^  Vaudoise  des  Sciences  Naturelles. 
Leipzig. — Kon.  Sach.  Gesells.  der  Wissenschaften. 
„         Vereins  fQr  Erdkunde. 
Li£ge. — Soci^t^  Geol.  de  Belgique. 
Lisbon.— Section  des  Travaux  Geol.  du  Portugal. 
Liverpool. — Geological  Society. 

London. — British  Museum  (Natural  History). 
„         Geological  Society. 
„  Iron  and  Steel  Institute. 

,»  Linnean  Society  of  London. 

„  London  Library. 

t,  Royal  Geographical  Society. 

,y  „     Institution  of  Great  Britain. 

„  ,»      Society. 

,,  Society  of  Arts. 

,,  Zoological  Society. 

Lyons.— Museum  d'Hist.  Naturelle. 
Madras. — ^Literary  Society. 
Madrid. — Sociedad  Geografica  de  Madrid. 
Maine. — Portland  Society  of  Natural  History. 
Manchester. — Geological  Society. 

,,  Literary  and  Philosophical  Society. 

Melbourne  .^"Department  of  Mines  and  Water-Supply,  Victoria. 
„  Royal  Society  of  Victoria. 

Mexico. — Istituto  Geologico  de  Mexico. 
Milan. — Soci^ta  Italiana  di  Scienz^  Naturali. 
Moscow.— Soci^t^  Imp.  des  Naturalistes. 
Munich.— Kon.  Bayerische  Akad.  der  Wissens. 
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NAPLEs.-^Reale  Acad,  delle  Sciense  Fisicfae  e  Matematiche. 
Nkwcastle-upom-Tyne.— North  of  England  Institute  of  Mining  and  Mechanical 

Engineers. 
New  Haven.— Editor,  American  Jonrnal  of  Science. 
New  York.— Academy  of  Sciences. 

Ottawa.— Geological  and  Natural  Ilistoiy  Survey  of  Canada, 
Paris.— Department  of  Mines. 

,,        Editor,  Annuaire  G^ologique  Universel. 
,,        Ministere  des  Travanx  Publics. 
„        Museum  d'Histoire  Nattuelle. 
,,        Soci^t^  de  Geographie. 
»,  M     G^ologiqoe  de  France. 

Penzance.— Rojral  Geological  Society  of  Cornwall. 
Philadelphia. — Academy  of  Natuia)  Sciences. 
,,  American  Philosophical  Society. 

„  Franklin  Institute. 

„  Wagner  Free  Institute  of  Science. 

Pisa. — Societa  Toscana  di  Scienae  Natural!. 
Rio-DE- Janeiro.— Imperial  Observatory* 

FocHESTSR.— Geological  Society  of  America. 
Rome.— Reale  Accad.  dei  Lincel. 

,,  „     Comitato  Geologico  d^ltalia. 

„        Societa  Geologica  Itallana. 
Sacramento. — California  State  Mining  Bureau. 

Salem.— American  Assoc,  for  the  advancement  of  Science. 
„        Essex  Institute* 
San  Francisco.— California  Academy  of  Sciences. 

Springfield. — Illinois  State  Museum  of  Natural  History. 
Stockholm  — Kon.  Svenska  Vetenskaps  Akademie. 
St.  Petersburg.— Academic  Imperiale  des  Scibnces. 
I,  Comit^  Gfologique* 

„  Mus6e  Geol.  de  I'universit^  Imperiale. 

„  Russ.  Kaiser.  Mineralogische  GesellschafL 

STRASBURG.—Strasburg  University. 
Sydney.— Austialian  Museum. 

„         Dept.  of  Mines  and  Agric,  N.  S.  Wales. 
„  Geological  Survey,  „ 

n         Linnean  Society,  ,» 

„  Royal  „  ,9 

ToKio.— Deutsche  Gesells.  fur  Nattir  und  Volkerkunde. 
o        Imperial  University  of  Japan. 
ToRONTa — Canadian  Institute. 

Turin.— Osservatork)  della  R.  Universita. 
,,        Reale  Accad.  delle  Scienze. 
Upsala.— Upsala  University. 
Venice.— rReale  Istitoto  Veneto  di  Science. 
Vienna.— K.  Akad.  der  Wissens^ 

K.  K.  Geog.  Gesellschaft. 
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ViKMMA.^iL  K.  Geol.  Reichsanstalt 

„  K.  K.  Natnrhistorischen  Hof.-Masenm. 

Warsaw. — Inst.  Agronomiqne  et  forestier. 
Washington.-— Smithsonian  Institution. 
,,  U*  S.  Dept«  of  Agrknihure. 

„  „    Geological  SuTvey. 

Wellington.— Mining  Dept.,  New  Zealand. 
,,  New  Zealand  Institute. 

YoRK.«* Yorkshire  Philosophical  Society. 
Zi^RicH.— Naturforschende  Gesellschaft. 
The  Governments  of  Bengal,  Bombay,  India,  Madras,  North-Western  Provinces 
and  Oudh,  and  the  Punjab. 

The  Chief  Commissioners  of  Assam,  Burma,  and  the  Central  Provinces, 
The  Resident,  Hyderabad. 
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On  some  Norite-  and  associated  Basic  Dykes  and  Lava.flows  in  Southern 
India,  By  Thomas  H.  Holland,  A.R.C.S.,  F.G.S.,  Officiating 
Superintendent^  Geological  Survey  of  India. 
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V.  Explanation  of  Platbs. 


I.--1NTR0DUCTI0N. 

I.  In  the  year  1890,  Mr.  P.  Lake  published  a  short  paper  describing  four  sped, 
mens  of  the  Cuddapah  (Kadapah)  lava-flows  collected  by  Dr.  W.  King.^  This 
was  intended,  I  believe,  by  Mr.  Lake  to  be  the  first  instalment  of  a  detailed  des- 
cription of  the  Transition  contemporaneous  traps  and  their  dyke-representatives  in 
South  India,  in  which  area  he  had  collected  largely  from  the  dykes  of  Bellary  and 
Anantapur  districts  and  the  Raichur  Doab,  where,  under  the  superintendence  of  Mr. 
R.  Bruce  Foote,  he  worked  over  areas  partly  covered  by  Transition  rocks  of  the 
Dharwar  system  and  partly  by  the  older  crystallines.  Mr.  Lake,  however,  left 
India  towards  the  end  of  the  same  year,  and  the  rocks  consequently  received 
no  further  attention  till  the  commencement  of  1892,  when  I  made  a  tour  over  the 

>  Rtc.  GeoL  Surm,  India,  Vol.  XXIII,  p.  259. 
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southern  districts  of  the  Madras  Presidency,  and»  though  mainly  occupied  with  a 
different  enquiry,  was  fortunate  enough  to  obtain  opportunities  for  examining  a 
few  of  the  dykes  in  the  districts  of  Chingelput,  South  Arcot,  Salem,  Coimbatore  and 
the  Nilgiris.  The  specimens  collected  by  myself  have  been  supplemented  by  a 
rich  collection  made  by  Dr.  H.  Warth  in  the  South  Arcot  district,  whilst  Messrs. 
Middlemiss  and  Smith  have  since  been  working  out  more  thoroughly  the  dykes  and 
associated  crystalline  rocks  of  the  Salem  district,  and  have  kindly  supplied  me 
with  some  of  their  leading  types. 

All  the  specimens  referred  to  in  this  paper  are  preserved  in  the  Geological 
Museum,  Calcutta,  and  as  this  subject  will  be  included  in  the  detailed  researches 
in  Salem  and  Coimbatore  now  being  prosecuted  by  Messrs.  Middlemiss  and  Smith 
the  registered  numbers  are  in  all  cases  quoted  for  facility  of  reference  to  the  type- 
specimens.  I  am  indebted  to  Mr.  P.  BrQhl,  Professor  of  Physics  in  the  Civil 
Engineering  College,  Sibpur,  for  the  chemical  analyses  of  four  types  of  these  dyke- 
rocks. 

IL-GEOLOGICAL  AGE  OF  THE  DYKES. 

s.  Previous  to  the  great  outburst  of  Deccan  trap  there  were  at  least  two  main 
periods  of  volcanic  action  in  Peninsular  India.  In  the  southern  portion  of  the 
Peninsula  these  are  indicated  (i)  by  the  contemporaneous  traps  of  the  Dharwar 
Transition  syAem,  and  (2)  by  the  Cuddapah  lava-flcws  of  later  date.  So  far  as  the 
specimens  in  our  collection  are  concerned  the  petrological  characters  of  the  rocks 
divide  them  sharply  into  two  classes.  The  Dharwar  volcanic  rocks  are  essentially 
homblende-plagioclase  rocks  exhibiting  marked  signs  of  the  changes  which  accom- 
pany the  passage  of  normal  diorites  into  epidiorites  and  sometimes  hornblende- 
schists.  The  C'lddapah  traps,  on  the  other  hand,  are  remarkably  free  from  such 
signs  of  dynamic  metamorphism.  These  are  just  such  differences  as  might  be  ex- 
pected from  the  known  stratigraphical  history  of  Peninsular  India.  Whilst  there 
is  abundant  evidence  of  great  crust  disturbances  in  pre-Cuddapah  times,  the 
Indian  Peninsula  since  that  epoch  has  been  remarkably  free  from  disturbances  by 
earth  movements,  and,  as  one  result,  the  pyroxenic  igneous  rocks,  which  so  readily, 
yield  to  dynamic  action,  have  been  preserved  with  remarkable  freshness. 

3.  The  distinction  between  post-Cuddapah  and  pre-Cuddapah  lava-flows  might 
be  expected  to  find  similar  expression  in  the  dyke-representatives  of  these  volcanic 
rocks;  and,  whilst  fully  recognising  the  danger  of  correlation  from  petrological 
characters  alone,  it  Aust  be  accepted  in  the  present  instance  as  the  only  evidence 
of  a  positive  character.  The  age  of  a  dyke,  whose  connection  with  a  known  lava- 
flow  is  not  manifest,  can  seldom  be  determined  within  very  narrow  limits,  and  even 
then  the  limit  on  the  younger  side  generally  depends  on  purely  negative  evidence. 
In  the  South  of  India  the  great  series  of  basic  dykes  which  break  through  the  old 
crystalline  rocks,  and  sometimes  through  the  Dharwars,  have,  partly  from  their  being 
grouped  around  the  Cuddapah  area,^  and  partly  from  their  absence  from  the 
younger  Karnul  strata,  been  generally  regarded  as  the  dyke-representatives  of  the 
great  lava-flows  in  the  Chey-air  group  of  the  Cuddapah  system.  It  is  interesting  to 
find  Chat  this  evidence,  which  alone  would  be  very  unsatisfactory,  receives  con6rm- 
^  C/.  Manual  Geology  of  India,  and  Ed  ,  p.  40. 
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atipQ  by  (Bpaparison  of  ib^  peuplogicul  cbs^ra^ten  of  the  4yl^e#  and  the  l^^vas. 
]Pow3»  ^hich  agar^e  nqt  q^ly  ia  IN  oi^ipi^fy  pl^ct^r^i  bi^t  in  extubiUng  certf^in 
pepuli^r  lefttores  welj  e^bi(ed  '\^  Ptfe^  ^?^. 


in.-CLASStFICATlQN  OF  JHE  50CKS, 

4.  So  far  as  represented  by  specimens  in  the  Calc«tt^  coUectio^»  tbe  dftv^Trockti 
oi  South  India  and  the  lava-flows  in  th^  Cuddapahs,  their  supposed  volcanic  repre- 
sentatives, belong-  to  tbvee  main  groups,  y^hich  pass  inte^  o^e  s^nother  hj  1^  si^ries  of 
Uan$ition»l  types  too  gradual  to  permit  of  Wij  definite  ^ne  of  dep>%rcatioj^«  f  qv 
convenience  (^  de^cripUon  they  ^re  c)M«i&ed  ^s  fpUpws  irr 

(i)  OiLiviNX-NORiTX  Gftoup,  in  whiob  olivinei  ^nstsj^it^  ^^gite  and  a  basH^ 
plagioclase-felspar  are  essenlial  CQnstHqeats,  the  plagiQcl^e  being 
always  the  latest  constituent  to  complete  its  consolidation  and  envelop 
ing  all  its  associates.    Small  quantities  of  biotite  are  invariably  present. 

(2)  AuGiTE-NORiTE  Group,  distinguished  from  group   i   by  the  absence  of 

olivine,  and  by  an  increase  in  th^  amount  of  a,ugit,e.  Tbe  plagioclase 
is  still  the  latesi  constltueut  to  C09xpl<^tQ  it?  cofnsolldationu  Biotite  i^ 
small  quantities  is  genially  pi^s^t^ 

(3)  AuGiTK-DioBiTx  Group,  in  which  the  enattk^it^  i^  eit|i«a;  loiaU  iii  qiwitkj 

or  absent  altogethei.  ^kitite  at  ibe  s^ie  time  disai^t^^MTs*  a«4  the 
order  of  oonsolidation  of  the  constitii^^  i&  ii|o4^e«L  giving  nse^  by 
the  htter  comparative  coasolidatioa  of  Ihe  ^mgitfi,  to  9.  te^dei^jr  t^  ^ 
production  of  c^hitic  stFU£tui«.  The  iMm.her%  of  this  gronf  ajs^  inv^ 
riably  characterised  by  the  presence  of  mjicrofiiegin^tjtJQ  (n»icfOgi:a|thi<0k 
intergrowths  oE  quartz  and  felspar*  ^icb  ai^^eigifd^d  gftpfiinw^  i«t 
origin,  and  sometimes  contain  pot^sb-feUpajE;^ 

5.  The  foUowiog  table  gives  the  order  of  oomsplidsklion  of  thS:  ^imptMil  p,«MtUu? 
ents  in  each  group.: 


1. 

2. 

3> 

OUf^QO^Dpri^  group. 

Augite-norite  gro 

up. 

Augitp-diorite'groop. 

OUma. 

•■• 

•** 

Enstatite. 

Enttatite. 

■ 

Augite. 

Aagit^ 

Augite. 

Piagiochise. 

Plagjoelf^e. 

Pl^gipolMt*. 

••• 

••• 

Micropegmatite. 

Hem  icrystal  line 
presentatives. 


6»  Each  group  is  r^ies^nt.ed  br*  mkr€icr.^ialUne>  aftdi 
htmtcryttalline.  types  occurring  either  as  tbia  veins,  or  as. 
selvages  to  larger  'ma^fl^9« 
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Gnup  t  is  repfeteftted  (i)  by  k  rbfck  taving  a  black  ctyptbci^slalline  matrix 

with  t>henoct7dt8  of  oitvfHif  bnt^  and  (2)  by  a  micro-varioliiic  ttchyljle.* 
G^i^  ^  it  repr^^nted  by  a  micro-crystalline  matrix  of  aogitCi  felspar  and 

magnetite  with  some  glass,  in  which  there  are  phtinocrysts  of  tmfatite 

vHiy. 
Gr»up  J  is  represented  by  k  micrdcrfstallfrie  matni  of  angfte,  felspar  ind  mag- 

netite  with  phenocryits  of  aiigite  and  labraddrite. 

The  hemtcrystalltne  varieties  of  groups  i  and  a  are  thus  related  to  the  compara- 
tively rare  magma-basalts  (Jimburgiies)  in  which  the  essential  phenocrysts  are  olivine 
and  augite ;  but  as  the  Madras  rocks  show  in  one  case  only  olivine  and  in  other  cases 
only  enstatite,  they  differ,  as  far  as  I  am  aware^  from  any  previously-described  type  ; 
but,  until  their  field*relations  have  been  more  precisely  traced  out,  I  consider  it  in- 
advisable to  distinguish  them  by  special  names. 

The  chemical  analyses  of  these  rocks  by  Mr.  Briihl  (see  paragraphs  10,  as,  49 
and  71)  show  that  they  vary  in  silica  percentage  from  4377  to  53*05;  but  the 
variation  in  silica  percentage  is  by  no  means  as  uniform  as  tlutt  of  the  magnesia 
which  varies  from  ai'ai  percent,  in  the  Jootoor  lava-flow  to  6*4^  in  the  aogite-diodte 
dykes. 


(i)  Olivine-norite  group. 

(tf.)  Holocyystdllink  vatieUes. 

7.  Amongst  the  great  lava-flows  of  the  Chey-air  beds  described  rn  his  memoir 
<'  On  the  Kadapah  aAd  Karndl  formations  in  the  Madras  Presidency/'  Dr.  W.  King 
has  referred  to  the  Jootoor  flow  on  the  left  bank  of  the  Pennair  river  as  an  olivine- 
bearingrock.'  Mr.  P.Lake,  in  a  paper  on  "The  Basic  Eruptive  Rocks  of  the 
Kadapah  Area/'  described  the  microscopic  characters  .of  this  rock  as  an  olivine, 
dolerite  or  olivine-gabbro,  composed  chiefly  of  olivine,  augite,  and  plagioclase 
felspar,  **with  opacite"  and  a  little  mica.' 

1  Since  the  above  was  written,  Mr.  C.  S.  Middlemisi  has  caUed  my  attention  to  a  hemicryatalline 
representative  of  this  class  collected  by  him  at  a  place  \\  miles.  E.N.E.  of  KanivenhaUi,  near  Palakod^ 
Salem  district  (No.  10,26a).  The  rock  occurs  as  a  dyke  only  8  inches  wide,  cutting  obliquely  across 
the  gneiss.  It  is  very  compact  and  dark-grey  in  colour,  weaUieriog  into  round  boulders.  Microsoopic 
examination  shows  it  to  be  an  ensiatUe  magma'basalt  (enstatite  limburgite);  that  is,  a  magma-basalt 
in  which,  besides  augite  and  olivine,  there  are  phenocrysts  of  enstatite;  indeed  enstatite  is  the  most 
abundant  member  of  the  phenocrystalline  constituents.  The  characters  of  the  mineral  are  precisely 
those  of  the  enstatite  occurring  in  the  peculiar  *'  norite-felsite  "  of  Eriyiif'  (para.  48)  and  the  likeness 
is  rendered  still  more  striking  by  the  shells  of  augite  in  which  the  enstatites  are  so  remarkably  encased. 
The  groundmast,  composed  of  minute  augites,  skeleton  crystals  of  magnetite  and  small  quanHties  of 
possibly  aflbryontc  felspars,  also  recalls  the  finest-grained  varieties  of  the  EriytSr  rock;  but  the  fine 
phenocrysts  of  the  peculiar  brown  olivine  found  in  the  rocks  froA  Sfaigmpfaram  (para.  35),  Vitlaporam 
(para.  33)  and  Coonoor  (para.  36)  connect  this  interesting,  rock  with  the  class  of  olivine-norites 
Besides  being  of  value  as  a  means  of  additional  evidence  showing  the  relationship  between  the  olivine- 
ilorites  and  augite-norites  forming  these  dykes,  this  rock  is  interesting  ai  the  first-recorded  magma- 
basalt  in  hidfa,  abd  is  on^  which,  on  accdmit  of  its  dbplay  of  ensialite  phenocrysts,  is  a  p^tiar  form  of 
its  dsM. 

•  ahnf.  G»L  Surv.  Ind.,  Vol.  VIII,  p.  196  (187a). 

s  i?#c.  C0OI.  SuT9.  Indu  Vol.  XXIl'l,  p.  259  (1890). 
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8.  Further  examination  of  the  rock,  however,  shows  according  to  mj  determina- 
tion that  the  predominating  pyroxenic  constituent  is  enstatite,  whilst  the  plagioclastic 
felspar,  which  is  very  small  in  quantity,  occurs  as  the  last-formed  constituent  grow- 
ing ophitically  around  its  associates,  olivine,  enstatite  and  augite.  In  addition  to 
these  facts,  there  are  certain  peculiar  structures  which  strongly  recall  those  exhibited 
in  many  of  the  rocks  occurring  as  dykes  amongst  the  crystalline  rocks  of  South 
India,  and  still  more  strikingly  a  handsome  rock  recently  collected  by  my  colleague 
Mr.  P.  N.  Datta  in  South  Rewa  (Rock  number  10,588). 

As  the  last-named  rock  is  the  most  coarsely-crystallized,  and  the  freshest  speci- 
men in  the  group  dow  under  consideration,  it  may  be  conveniently  selected  as  the 
type  for  detailed  description. 

9.  The  rock  occurs,  according  to  Mr.  Datta,  as  a  dyke  in  mica-gneiss  on  the 
Bone  River,  one  mile  south-west  of  Kaithaha,  near  Saria,  South  Rewa  (lat.  34°  11*5', 
long.  81°  23').  In  hand-specimen  it  is  a  dark-coloured,  tough  rock,  with  flakes  of 
brown  mica,  granules  of  olivine  and  cleavage-plates  of  felspar  distinctly  visible  to  the 
naked  eye.    Its  specific  gravity  is  3*47* 

10.  A  chemical  analysis  (^.  para,  as)  made  by  Mr.  Paul  Bruhl,  Professor  of 
Physics  in  the  Civil  Engineering  College,  Sibpur,  gave  the  following  results : — 

Si  Ot 5045 

Ti  Ot    .         •                  .     ' 0*63 

Al,  O*  (with  a  small  quantity  of  PtOi  and  Mn.Of)      .         .         •  6-50 

FeaOt 3*49 

Fe  O 83S 

Ca  O 7'8a 

MgO 19*03 

Ht  O 0*97 

Alkalies  ••••••••        undetermined. 

11.  Under  the  microscope  the  rock  is  seen  to  be  a  holocrystaliine  aggregate  of 
the  following  minerals,  whose  names  are  given  approximately  in  the  order  of  their 
formation : — 

Pfimatf  .— 

Apatite. 

Olifine. 

Bnstatite  and  Avgite. 

Biotite. 

Ptagioclase. 
Siiondary : — 

Reaction  rims  of  actinolite  and  enitatiteb 

Biotite. 

Magnetite. 

18.  Apatite. — Occurs  only  in  small  quantities,  with  the  usual  needle-shaped 
prisms  cracked  transversly,  showing  low  double  refraction,  and  included  by  all  the 
other  constituents  except  olivine. 

13.  0/{riVi^  occurs  in  large  crystals,  generally  with  their  id iomorphic  outlines 
well  displayed.  They  are  cracked  in  the  characteristically  irregular  fashion  ^ith  the 
development  of  much  dusty  magnetite.  Besides  innumerable,  small,  rod-like  inclu- 
sions arranged  in  parallel  lines,  the  dendritic  inclusions  which  have  been  describ- 
ed by  Professor  Judd^  as  one  of  the  results  of  the  schlllerization  of  this  mineral  are 

»  Quart,  JoufH.  Ctol.  Sec,  Vol  XL  I,  p.  381  and  plate  XII,  figs,  a.7  (1885). 
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very  beautifully  displayed  in  this  mineral,  and  are  arranged  parallel  to  the  macro* 
pinacoidy  as  I  have  shown  to  be  the  case  in  the  olivines  of  a  mica-hypersthene  perido« 
tite  occurring  in  the  Mdnbhdm  district  of  Bengal.^  This  is  very  clearly  demon- 
strated in  one  of  the  sections  (No.  2125)  evidently  cut  parallel  to  the  basal  plane, 
and  showing  the  cut  edges  of  the  dendritic  plates  lying  at  right  angles  to  the  brachy- 
pinacoidal  cleavage  cracks.  The  quartz  wedge  inserted  parallel  to  the  edges  of  the 
inclusions  shows  well-marked  '  thinning '  thus  indicating  the  axis  of  maximum 
elasticity  ft  parallel  to  the  macro-diagonal. 

14.  But  the  most  striking  feature  in  connection  with  these  olivines  is  the  occur- 
j  „  rence  of  very  well  defined  and  broad  "reaction-rims" 

between  this  mineral  and  the  felspar,  similar  to  those 
which  have  so  frequently  been  recorded  in  basic  and  ultra-basic  rocks.  The  re- 
acdon-rims  are  composed  of  an  external  layer  of  feathery  green  actinolite  abutting 
against  the  felspar,  considerably  wider,  as  a  rule,  than  the  inner  zone  of  granu- 
lar, colourless  mineral,  which  exhibits  a  double  refraction  distinctly  lower  than  that 
of  the  actinolite. 

The  colourless  mineral  in  this  case  is  regarded  as  enstatite,  because  it  has  been 
found  in  several  instances  in  crystallographic  continuity  with  larger  adjoining  original 
crystals  of  that  mineral.  It  is  frequently  found  also  that  both  the  augites  and  the 
enstatites  are  separated  from  the  olivine  by  a  very  narrow  zone  of  this  colourless 
mineral,  which  sometimes  exhibits  crystallographic  continuity  with  the  enstatite, 
appearing  thus  as  a  secondary  extension  of  the  mineral,  like  the  well  known 
secondary  enlargements  of  quartz,  felspar,  augite,  hornblende  and  mica  (Fig.  i)« 

15.  The  question  of  the  origin  of  these  so-called  reaction-rims  which  so  frequent- 
ly characterise  the  olivines  of  very  basic  rocks  has  frequently  been  discussed,  and 
very  different  explanations  have  been  offered,  both  as  to  the  precise  nature  of  the 
reaction  products  and  the  mode  of  their  formation,  which  is  not  a  surprising  result,  • 
seeing  both  the  compositions  of  the  reacting  minerals,  as  well  as  the  physical  condi- 
tions of  formation  must,  within  certain  limits,  be  variable.'  Although  the  present 
instances  do  not  appear  to  offer  conclusive  evidence,  the  general  assemblage  of 
facts  point,  in  my  opinion,  to  the  origin  of  the  rim  as  the  result  of  the  reaction 
between  the  olivine  and  a  more  siliceous  mineral,  felspar,  under  the  particular 
physical  conditions  which  are  attended  with  various  other  structural  characters  «- 
primary  and  secondary-^that  distinguish  plutonic  rocks  from  lavas.  In  this  case 
the  reaction-rims  occur  in  a  rock  which  shows  the  schillerization  and  other  pheno- 
mena characteristic  of  deep-seated  rock-masses,  whilst  all  these  structures  are  absent 
in  the  Jootoor  lava,  which  mineralogically  is  the  very  evident  equivalent  of  this  rock. 
But  in  the  lava  a  pilitic  decomposition  of  the  olivine  has  taken  place  (vide  infra 
para.  33)  which  is  certainly  secondary  and  confined  by  the  original  limits  of  the 
olivine  crysUls.  The  evidence  points  also  to  the  formation  of  the  pilite  with  the  aid 
of  compounds  derived  from  the  adjoining  decomposing  felspar. 

16.  That  the  fibrous  and  granular  borders  are  real  reaction-rims  is  therefore 

>  R€t,  GioL  Surv.  Ind.,  Vol.  XXVII.  p.  144  (i894)* 

•  For  summary  of  results  see  J.  F.  Kemp  "  Gabbros  on  the  western  shore  of  Lake  Champ- 
lain"  iBull,  G0OI.  Soe.  o/Amfriea,  Vol.  V,  p.  221  (1894)],  and  a  later  paper  in  the  same  year  by 
W.  D.  Mathew  on  "  The  intrusive  rocks  near  St.  John,  New  Brunswick  "  [Trans.  N.  K,  Aemd. 
S€L,  Vol  XIII,  p.  198,  (1894)].  In  the  latter  paper  the  author  pointo  out  the  continuity  of  the 
granular  inner  sone  with  larger  hypersthene  crystals  and  regards  it  as  an  original  formation. 
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supppned  indirectly  b^  the  pecuUair  natuie  of  the  aecoAdary.  deeompMUioii  of  ih^ 
oUvi^e  in  the  lava^ ;  but  the  question  a9  to  whether  the  reaction-rims  are  tomed 
during  the  consolidation  of  the  rock— aa  the  late  G.  H.  Williama  sappoaed  lo  be  tha 
case  in  the  very  similsir  and  now  weU-knowp  occnrrenco  near  PeekskilU  N.Y.-r?»^  or 
sub$eqaently,  is  not  determined  by  this  evidences  aa  theM  are  so  many  tnstaaoea 
to  show  that  the  structUTies  produced  rapidly  dwng  the  primary  consolidation  of 
a  molten  magma  can  be  closely  imitated  by  those  produced  BM>re  slow^  during 
secondary  changes  snbsequently  induced  iu  thie  consoUdftteil  rock* 

17.  The  pyroxena  are  ne^ly  all  colourless,  the  rhombic  forms  eadubiting  a  faint 
pleochroism  only  in  tl^ick  sections^  The  ifi^X  abuuds^t  form  is  enstatite,  which 
exhibits  in  part  at  l^east  its  p^Oj^er  cry&U.^  outlines,  ^Ith  characteristic  cleavage  and 
optical  characters. 

18.  The  most  remarkable  feature  in  conneqtiou  wjt)^  tlp/^  pyroxene  i&  the  develop- 
ment of  a  series  of  minute  and  vcrmifo^  canals,  arranged  ui,  approximately  paraltel 
directions  and  givii^^  1^.  ap^^ance  which  at  first  sight  rcisembles  the  micrq;)er- 
thitic  structures  of  felspars.  Sometimes  patches  of  such  structures  aie.see^  qpread^ 
ii^g  out  lilfe  a  disease  in  the  pyroxeo,e»  aud  changii^  its  pojlari^tio^  colours  to  a 
Ipwer  order,  kolajted  patches  sometimes  sho.w  sinjiultaaeojas  extinction,  and  at 
ot,her  times  the  patches  growing  ou^  from  different  points  \x^  a  pyroijei^e  crys^l 
ipeet  in  irregular  line^.  a,nd  divide  th^  crysUl  into  a  mpsaic  baween  crossed 
Nicols.  This  may  occur  either  in  a  rhombip  or  ^  monoplinic  pyro^ene^,  but  the 
ragged  portions  exhibit  colours  0^  too  high  an  Qrder  fojc  the  rhombi/c.  ^x:m«. 
Although  I  feel  unajble  taaccount  satisfactorily  fo];thls  phei^m^npn,  the  n^icroscopic 
intergrowth  of  two  pyroxenes  seems  to  meet  all  the  requirements  of  the  case  more 
perfectly  than  any  other  explauation  thai;  has,  occurred  V>  0^^.  ^^hatev^r  the 
structure  may  be  due  to,  it  is  found  agai]>  in  just  as  stril^ing  a,  max^xier,.  though  less 
frequently,  in  the  JoQtoor  trap-flow,  whose  characters,  gen^ully  so  closely  iiepeat, 
the  microscopic  structures  and  mineralogical  cozpposition  of  this  rock.^  Like  all. 
the  primary  constitu^ts  of  this  rock,  the  pyroxenes  a];e  acbill^rizec},  a^d.  mor^; 
strikingly  so  in  tlie  monoclinic  than  in.  t)ie  rhom.bip  form^ 

19.  The  felspar  t  which  is  the  least  abundant  and.  htat  formed  amongst  the  piir 
mary  cou3tituents,  is  twinned  in  broad  lamellae  and  evhibita  wide  eztlnctaon.ai>glea 
approaching  thpse  of  bytawnite.  U  is,  ofti^a  darkened  by^  fine  dntty  iaclBaons  aod 
the  high  powers  show  n^meroua  mjnnte  n^lea.  and  plates  arraagedi  ia  paisJl^ 
lin^s,  a|s  ia  cotpmPl^ly  th^  ca^^  with  schiDericed  plagioclase. 

aa  BioHte.  occurs  as  minute  plates Jnteigrown  with,  the  enstatite  in  a.  way.  which 
suggests,  its  derivation  from  the  latt^.  mineraU  It  occurs,  also  in  larger,  liundiea 
which  exhibit  a  strong,  pleochroism  and  contain  nnmecoas  dask^bcowni  needles  crosA- 
ifigone  another  as  usual  at  angies.of,  6o?«    Th&biotites  are.  cectaiiily.  of  later 

»  Amff.  Journ.  Set,,  3rd  sf r.,  Vpl  X^XI,  p,  35  (i986). 

'  This  stractare  resembles  iq  many  respepts  thos«  w^ich.haFe.1)^  de^rih^  and  figured 
by  Prof.  Soltas  in  tbe  gabbro  of  Barnayave,  Carlingford,  and  wblch  he  ascribed  to  an  inter- 
irrowth  of  diallage  and  rhombic  pjrroxena  which  are  intergrown  so  that  the  face  oto  of  one  lies 
parallel  to  the  tace  100  of  the  other  (Tran$,  Ray,  IrUh  Aeadj,  Voh  XXX  (1894)*  p.  4S4;  plate 
XXVI«  figs.  4  and  6y,  But  in  the  roclc.  under  description  the  intergrown  pyroxenes  appear 
to  be  invariably  both  monoclinie,  though  intergrowthe  of  a  different  nature  of  both  monoelinic 
and  rhombic  pyroxenes  are  also  fonndta  this  rock* 
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1<kUMon  fhaii  th^  pyfo^i^  Wllkfi  tbey  ftHtfo^tiAy  p^tly  envelope,  but  zrti 
however,  older  than  the  felspars, 

»ii  A  rock  having  precisely  ^im\^  minefalogicftl  compofsition,  and  etjjtiaUy  fredh, 
has  been  collected  by  Mn  R.  Bt«6fe  Foofte  at  Ktidatami  ih  fhe  Bellai-y  dii^rici,  No. 
8,767.  Thtf  oipder  of  cdnsolidittioti  of  the  corfitkiientsr  is  precisely  the  same  also  as 
in  the  Rewa  rock ;  bift  there  is  fto  (ratce  of  a  reaction-rim  between  the  Olivines  and 
felspars^  and  in  this  rock  the  olivinesf  are  the  only  constitnents  showing  signs  of 
sehillerisatlon*  These  facts  so  far  as  they  go,  therefore,  are  in  a^reeiAeht  with  the 
siiggestioB  that  schillerisatioh  and  the  formation  of  reaction^rims  imply  in  some 
respects  at  least  simihifity  of  |)bysica(  conditions  (jtuprth  p&^a.  1$);  Professor 
Jodd^  has  inclnded  the  formation  of  reactk)ri*r!m$  stmongst  the  instaiic^s  of  seccfnd- 
ary  changes  indaced  in  rdcks  nndet  the  eotobfned  influence  of  pressure  and  high 
tempetatiire^  and  the  facts  revealed  by  the  e^aftpkla  atfdet  consideration  are,  so  far 
as  (hey  go^  in  agreement  with  sdch  a  cofhChisien. 

21.  Oft  comparing  this  rock  wilh  the  Joohor  trap-flaw  (No.  9,793),  w^  find  tfie 
differences  aie  almost  etitifely' dfre  io  a  more  fine-grained 
lot^tW^^  ''**'"  ****  crystallizaeion  and  the  absence-  ol  scWlIerization  phehomehi 
ia  ihe  latter  rotk.*  These  iit  just  such  differences  as  might 
be  expected  between  ik  plutonic  rocl^  and  iti  volcanfc  representative.  The  essentiaf 
ootetttuents  ind  Uie  order  of-  thei^  formatiott^^olivine,  colourless  enstotite  andf 
augite,  biotite  and  plagioclase— are  identical.  The  proportion  of  felspar,  however, 
is  smaller,  and  olivine  is  more  ibMdant,  bnt  the  minerals  are  apparently  of  the 
same  species  and  even  the  peculiar  micrographic  structure  shown  by  the  pyroxene 
of  the  Rewa  rock  is  exhibited  also,  though  less  frequently,  in  the  JootOor  lava. 

These  differences  m  the  proportions  of  mineral'  constituents  bringing  the  ifocft 
inta  close  relations  with  the  saxonites  (harzburgites),  appear  in  the  chemical  analpis 
Blade  by  Mr«  P.  BfCkhl,  which  garve  the  follo^ng  results  {cf.  para.  10). 


SiO.       . 

4377 

TiO,       . 

o*74 

A1,0,    (and 

P^ 

0,)V 

753 

Pe»0^    . 

464 

Mn,0.    . 

074 

Pe    0      . 

791 

Ca  6'     . 

558 

MsfO       • 

21 -ai 

H,  a    . 

3-15 

Ailcilie»   . 

utidetermitied*' 

33.  The  original  outlines  of  the  divines  in  this  rock  are  marked  by  Kn^  of 
opaque  black  granules,  between  which  and  the  core  of 
*  *'*•  undecomposed  olivine  there  is  a  zone  of  variable  width  of  a 

fibrous  mineral  exhibiiing  low  double  refraction  and  forming  generally  a  confused 
felt.  As  this  zone  of  fibrous  mineral  is  well-developed  at  the  contact  of  the  divine 
with  felspar,  and  is  practically  absent  where  the  former  niineral  abuts  against  either 
of  the  pyroxenic  constituents,  it  is  evident  that  proximity  to  the  fblspar  facilitates 
the  formation  of  the  fibrous  mineral.  The  lines  of  opaque  granules,  from  their 
rectilinear  disposition,  evidently  mark  the  original  outline  of  the  olivine  crystkls, 

>  Jfo%fn.  Ckfm.  5pc.,  May  1890: 
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and  thus  the  fibrons  mineral  mast  have  been  formed  entirely  at  the  expense  of  the 
olivine. 

24.  These  zones  are,  therefore,  secondary  in  origin,  and  as  they  do  not  extend 
beyond  the  limite  of  the  original  olivine-crystals,  they  cannot  be  regarded  as  the 
equivalents  of  the  reaction-rims  so  beautifully  displayed  by  the  Rewa  rock.  The 
fibrous  area  is  very  variable  ia  width,  sometimes  extending  to  the  centres  of  even 
large  crystals  of  olivine.  The  features  exhibited  agree  with  those  of  a  fibrous  form 
of  amphibole  and  are  probably  similar  to  the  felt  of  amphibole  needles  pseudomor- 
phous  after  olivine  to  which  Becke  has  given  the  name  pilUe>  As  the  fclspais  are 
often  considerably  kaolinixed,  it  ia  not  unnatural  that  this  change  to  amphibole 
(pilite)  should  be  more  marked  where  the  olivine  is  bordered  by  the  mineral 
whose  decomposition  can  supply  the  requisite  amount  of  lime  and  silica. 

35.  Amongst  the  dyUi  occurring  in  the  Madras  Presidency  the  nearest  ap- 
Olivlne  -bearing     proach  to  the  rocks  of  the  class  under  consideration  occurs 
dykes      of      Madras     near  the  quartz-magnetite  beds  of  Singapuram,  Ahtur  taluk, 
(Salem  district).  ^^^^  ^\%\iicx  (No.  9,398).    This  rock  is  black  in  hand- 

specimen  even  to  the  felspars,  which  show  slight  "  lustre  mottling."  It  has  a 
specific  gravity  of  3*13.  Under  the  microscope  it  is  seen  to  be  perfectly  holo- 
crystalline  in  structure  and  is  composed  of  olivine,  enstatite  (bronzite  and 
hypersthene),  augite,  biotite  and  plagioclase  in  order  of  formation,  with  granules 
of  pyrite  and  dusty  magnetite. 

26.  The  olivint  is  about  equal  to  the  pyroxene  in  quantity  ;  it  often  shows  its 
crystal  outlines,  but  is  rarely  intergrown  with  the  enstatite  to  produce  a  very  im- 
perfect graphic  structure.  It  is  cracked  in  a  characteristically  irregular  fashion, 
with  separation  of  dutty  magnetite  and  very  rarely  shows  the  serpentinous  hydration. 
Reaction  rims  between  it  and  the  felspar  occasionally  occur,  but  are  generally  very 
narrow  though  very  well-defined,  and  with  the  same  arrangement  of  colourless 
mineral  and  actinolite  as  seen  in  the  Rewa  rock. 

27.  The  most  characteristic  feature  of  tlie  olivine,  however,  is  the  large  quan- 
tity of  minute  inclusions— dust  and   rods-— arranged  In  definite  crystallographic 

.  planes  and  giving  the  sections  a  brown  or  dark  brown  colour  when  seen  with  low 
powers,  and  what,  on  rapid  revolution  of  the  polarise^  appears  to  resemble  the 
faint  pleochroism  of  some  brown  augites,  but  which  is  probably  only  a  diffraction 
effect.  This  character  is  true,  of  the  olivines  in  all  the  dyke-rocks  which  I  have 
mentioned  below  and  which  I  propose  to  include  in  this  group  The  general 
characters  exhibited  by  the  sections  of  this  mineral  leave  little  doubt  as  to  the  nature 
of  the  species,  and  that  little  doubt  is  completely  removed  by  the  occurrence  in  this 
rock  of  the  dendritic  inclusions  such  as  are  so  plainly  displayed  in  the  olivines  of 
the  Rewa  rock  (slide  1424)* 

28.  The  enUcUiUt  show  a  distinct  pleochroism,  sometimes  approaching  in  in- 
tensity that  of  the  hypersthenes  which  are  constant  throughout  the  pyroxene 
granulites  of  this  area. 

29.  The  augite  is  perfectly  colourless  in  thin  section,  is  feebly  schillerized  and 
frequently  developed  between  the  felspar  plates  like  little  intrusive  sheets  and 
finger8,which,  when  cut  across,  show  several  isolated  patches  having  simuluneous 
extinction. 

>  TuhifmaV^  min,  und  ^ttr.  Afia,,V6l.V,  p.  163  (i88j). 
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30.  The  biotite  is  frequently  associated  with  coarse  granules  of  opaque  iron-ores, 
shows  the  same  kind  of  pleochroism,  and  occurs  in  apparently  the  same  propor- 
tions as  already  described  for  the  Rewa  rock  and  the  Jootoor  lava. 

31.  The  felspar  is  more  abundant  and  of  a  less  basic  type  than  that  playing 
a  similar  r61e  in  the  Rewa  rock.  The  crystals  are  light-brown  in  section  on  ac- 
count of  innumerable  minute  inclusions,  but  the  colour  shades  off  towards  the 
periphery  of  the  crystals  which  are  generally  colourless.  Polarized  light  shows 
also  that  there  is  a  zoning  due  to  gradual  change  in  composition  in  the  Uter-formed 
layers.  Minute  acicular  inclusions,  like  actinolite-needles,  are  often  seen  in  patches 
of  the  colourless  portion  of  the  felspar,  where  there  appears  to  have  been  a  small 
amount  of  decomposition  with  sometimes  formation  of  presumably  secondary 
quartz. 

33.  Magnetite  in  fair  quantity  occurs  in  all  the  other  minerals,  either  as  lumps, 
which  are  possibly  original,  or  as  fine  dust,  which  is  of  secondary  origin.  Occasional 
lumps  of  pyrite  are  seen  in   hand«specimen. 

33.  For  the  next  stage,  showing  a  less  basic  tendency,  a  rock  collected  by 

e    *u    A     *  J-  *  •  *      Dr.  H.  Warthat  one  mile  west  of  Vitlapuram  in  South  Arcot 
South    Arcot  distnct       ,.  ^  .  ^  .     .  .  *  /vt         o     \      rr.,  . 

district,  may  be  taken  as  a  type  (No.  9,811).    This  rock 

occurs  as  a  dyke  in  the  pyroxene- granulites,  most  of  which  in  that  area  contain 

large  quantities  of  quartz,  and  are  distinctly  acid  in  silica- percentage. 

34.  The  dyke-rock  is  black  in  hand-specimen,  and  has  a  specific  gravity  of  3*03 
(Warth).  Under  the  microscope,  it  shows  the  same  peculiar  dark-brown  olivine, 
colourless  enstatite  and  augite,  small  quantities  of  biotite,  magnetite  and  pyrite, 
and  the  same  brown,  zoned  plagioclase  with  colourless  borders,  forming  the  ground- 
mass  as  in  the  Singapuram  rock.  But  in  the  Vitlapuram  rock  there  is  a  distinctly 
smaller  quantity  of  olivine,  and,  at  the  same  time,  an  increase  in  the  size  and  fre- 
quency of  the  colourless  patches,  which  shows  the  signs  pf  secondary  decomposition 
referred  to  before,  but  in  this  case  caldte  as  well  as  quarts  occurs  amongst  the  se- 
condary minerals. 

35.  The  Singapuram  rock  occurs  at  a  place  which  is  about  equidistant  from 
Vitlapuram  near  the  Coromandel  coast  and  Coonoor  in  the  Nilgiri  Hills  (a  total 
horizontal  distance  of  about  soo  miles),  where  I  have  also  found  dykes  of  unmis- 
takably  the  same  rock  intrusive  in  the  pyroxene-granulite  series  which  make 
up  the  main  mass  of  that  range. 

36.  The  dykes  of  Coonoor  are  especially  interesting  on  account  of  the  varia- 
Th   N'l  *  '  ^oxi^  they  show   from  the  well-crjstallized  types  in    the 

'  *^ '  *  wider  dykes  to  the  hemicrystalline  and  even  glassy  tachy- 

lytic  types  which  occur  in  the  narrower  veins  and  on  the  selvages  of  larger  masses, 
but  in  all  of  them  the  peculiar  brown  olivine  occurs,  and  the  same  order  of  crystal- 
lization of  the  pyroxenes,  biotite  and  light-brown  plagioclase-felspar  is  preserved. 
Although  the  plagioclase  crystals  are  seen  to  be  the  last-formed  from  the  way  in 
which  they  are  moulded  on  to  all  the  other  constituents,  their  crystallization,  having 
commenced  from  so  many  centres  during  the  comparatively  rapid  consolidation 
of  the  final  stages,  has  not  resulted  in  their  perfect  ophitic  development,  as  is  the 
case  with  the  coarser-grained  types  described  from  the  other  localities  above. 

37.  In  the  very  fine-grained  varieties  forming  narrow  veins  in  the  pyroxene- 
gianulites,  the  microscope  shows  olivine,  pyroxene  and  felspar  as  phenocrysts  in  a 
microcrptalline  matrix  of  pyroxene,  biotite,  felspar  and  magnetite,  and  the  pheno. 
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crystB  sometimes  gather  m  groops  giving  rise  to  the  stnictvre  to  which  YM.  Jiidd 
has  given  the  name  glomero^porphfriiic}  This  sometimes  takes  the  pecsliar 
form  of  large  olivine  crystals  iurrouadad  \r)  a  tone  of  ooldurless  granular 
pyroxene  (slide  1599).  In  the  narrow  veins  the  long  crystals  of  felspar  and 
enstatite  are  frequentlj  ananged  parallel  td  the  sides  of  the  dyke,  a  feature 
commonly  eihibhed  by  porpHyriiic  crystals  is  narrow  dyke-rocktf^ 

38.  As  the  t^g^  of  the  dyke  is  approached  the  matrix  beGOnaev  finer  in  gfain^ 

Variolitic  selvages.     "^^'  "*  ^**  selvage^  the  roch  shows  a.  vitreoas  matrix  with 

tnf ted  aggr^gatee  of  microlitesr  attempting   an  imperleot 

sphemlitie  or  variolitic  stractms.    Glomero-porplTniic  aggregaaes  el  oUthM  aad 

enstatite  occur  as  in  die  t3rpes  described  ahove;# 

[b\  Exceptional  hemicrystalline  varieties  of  olivine^norites, 
^9.  An  exceptional  type  of  the  hemicrystalline  varieties  which  presumabfy  be- 
longs to  this  class  of  rock  occurs  as  a  narrow  vein  only  half  an  inch  wide  running 
through  a  hornbiende-nodte  collected  by  the  late  Mr«  C.  IS.  Oldham   neaf  Poorsy, 
N.  N.  W.  of  Wandiwash. 

This  rock  consista  of  a  matrix  blackened  by  magnetite-dust,  mit  dftldded  with 

w         k^    11.    ^^u       excessively  minuter  colourless  microUtes>  in  which  occur 
MaErma-Dasalt    with-  „    ,         ,     ,  <•      1.  .  1  .  < 

otttaugite.*  well-shaped  phenocrysts  of  olivine   reaching  3   mm.  in 

length  and  cracked  in  the  usually  irregular  fashion  of 

olivine  wiih  slight  development  oC  yellow  serpentine* 

40.  The  oltvifiis  show  a»  vary  stciking  zonal  structure  by  the  alternations  of  light- 
brown  and  colowless-  bands,  whidv  hoiwever  are  sometimes  q.uite  irregular  in 
ansuvgement.  The  lighi^brown  patches  display  a  very  faint  pleochroism,  which  is 
only  noticeably  marked  in  basal  sections,,  and  shows  an  absorption  in  those  sections 
of  ft  >  C  (slide  No.  1027).  In  those  secDions  also  minute  rod-like  inclusions  are 
arranged  at  right  angles  to  the  brachypinacoidal  cleavage^racks  and  evidently  are 
the  results  ot  the  normal  schillerization  of  the  mineral  (vide  supra,  para.  13). 

The  last  stages  in  the  growth  of  the  crystal  u'e  marked  by  layers  of  opaque 
granules,  and  the  colourless  sone  separating  this  layer  of  granules  from  the  opaque 
matrix  is  frequently  decomposed  and  pilitic^  in.  which,  cases  the  layer  of  opaque- 
granules  has  generally  a  ragged  ioner  border  due  to  extension  inwards  of  the  de- 
composition,  accompanied  by  the  usual  separation  of  dusty  magnetite.  The  mineral 
i&  decomposed  by  strong  hot  l^rochloric  acid  with  formation  of  gelatinous 
silica.    The  crystals  are  frequentl)!  corxodedby  tlie  magma  (Plate  I,  fig.  3). 

41.  The  occurrence  of  olivine  sawelUdeveloped  and  as  the  onlf  phenoci^stal- 
line  constituent  makes  this  a  most  unusual  type  of  rock.  Magma-basalts  (Jimbuf' 
gitfs)  with,  augite  as  well  as  olivine  phenocrysts  have  been  described  from  various 
places,  and,. to  a  less  extent^  augiliiei  with  augite  only  developed  ;.but  I  can  recall 
no  case  exactly  paiallel  to*  this^  in-  which  well-fonned  olivine  in  a  black  glassy 
matrix  is  the  only  phenocx^^st^ 

(c)  Association  of  Olivine^oriies  with  "  Fy^^^ene^gr^anu litest 

42.  If,  as  seems  very  likely  from  their  close  resemblance  to  the  Jootoor  lav^ 
flow,  the  dyke-rocks  described  above  are  the  plutonic  cquivaleiitar  of  the  volcanio 

»  Quart. ^outn.  GtoL  Soc,,.Vo\.  XLII,  p.  71  (1886). 

s  Mr.  C.  S.  Mtddleimss  hasi  sine*  thteaboYe.was  written,  called  iirf«ttMtlda4o'a^ffDe^eitaiiviile  of 
an  ensUtito  mag^aa^bMaliaMonatl  th^aedj^ts.    For  its  daacriptioa  see  para,  6«  foot-note. 
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rocks  of  the  Cuddapah  system,  the  time  of  their  intruaon  i«  fixed  with  regard  to 
the  Indian  stratigraphical  succession. 

43.  That  these  rocks  are  true  intnisions  and  net  segregation  veins  is  very 
evident  from  their  occurrence  as  vitireons  forms  near  the  selvages  of  larger  dykes 
and  in  the  smaller  veins,  with  fiuidal  smictiires  alscu  As  they  hreak  across  the 
pyrosene*gianuIite  series  of  the  Madras  Presidency,  showing  no  signs  of  the  folia- 
tion which  the  latter  rocks  have  suffered,  th^  intrusion  must  have  occurred  since 
the  foliation  of  those  rocks.  And  yet  there  remains  the  remarkable  fact  that 
rhombic  pyroxene,  which  is  the  one  constant  constituent  of  the  pyrozene-granoltte 
group,  is  present  in  all  these  dykes  whidi  are  so  frequently  associated  with  them. 
That  this  is  a  naere  accident  is  ef  c«>Brse  quite  possible ;  still,  the  association  is  a 
circumstance  worthy  of  record,  and  I  give  it  as  a  mere  suggestion  that  the  magma 
from  which  these  intrusions  and  lavas  have  been  derived  might  have  been  obtained 
by  the  local  re-fusion  of  the  pyroxene-granulite  series. 

44.  The  association  of  olivine-norites  with  the  ordinary  members  of  this  group 
has  been  recorded  in  different  paxt^  of  the  world;  but  the  ca^es  presenting 
the  nearest  approach  to  the  ijistance  under  consideration  are  the.  rocks  of  the 
Cortlandt  series  of  New  York,,  in  which  the  late  Q,  H.  Williams^  described  types; 
varying  from  peridotites  with  little  or  no  felspar  to  normal  nosites,  and  those  des- 
cribed by  Dr.  F.  H.  Hatch'  from  Madagascar,  where  olivi^e^iorites  are  associated 
with  ordinary  types  which  are  renjarkably  similar  to  those  of  the  Madras  Presir 
dency,  and  are  probably  simply  a  portion  of  the  same  great  crystalline  mass 
-T-portions  of  the  old  Gondwana  continent  still  remaining  above  the  sea*level. 

The  chemical  analyses  by  Mr.  Bruhl  of  four  diffeceot  Madias  types,  show  that 
alumina  is  comparatively  low  amongst  the  sesquioxides,  whilst  magnesia  and  ferrous 
oxide  are  unusually  abundant  amongst  the  protoxides,,  results  which,  might  be 
expected  where  the  ordinary  augites  are  so  largely  replaced,  by  enstatites  amongst 
the  ferromagnesian  silicates.  It  will  be  interesting  to  compare  these  analyses 
with  those  now  being  made  of  the  various  types  of  the  pyroxene-granulite  series  of 
the  Madras  Presidency. 

(2)    AUGITB-NORITB  GROUP, 
(tf.)  Holocrysialline  varieties^ 

45.  As  examples  of  dykes,  linking  the  characters  of  the  olivine  and  enstatite- 
bearing  group  with  those  in  which  augite  predominates,  may  be  mentioned  those 
discovered  near  Rayakotta,  Maharajgadi,  and  Krishnagiri  in  the  Salem  district, 
by  my  colleagues  Messrs.  Middlemiss  and  Smith,  who  have  kindly  sent  me  speci- 
mens and  descriptions  of  the  field-relations  and  microscopic  characters  of  the  rocks. 

46.  The  most  striking  of  these  occurs  as  a  dyke  100  yards  wide  running  east  and 
west  in  the  gneiss,  5  miles  south  of  Vepanapalli,  on  the  road  north  of  Krishnagiri.* 
It  has  a  specific  gravity  of  3*08  and  is  composed,  according  to  Mr.  Smith,  of 
idiomorphic  crystals  of  hypersthene,  a  smaller  quantity  of  augite,  wrapped  around 

*  Amer.  Journ,  Set.,  3rd  ser.,  Vol.  XXXI  (1886),  p.  a6j  Vol,  XXXIII  (I887),  pp.  135— 
191* 

*  Qtwft.  yourn.  G0OI.  S9C,  Vol.  XLV  (^889),  p.  34S-  Cf,  R.  Baroo.  ibid.,  Vol.  LI 
(i895\  P-  59. 

*  For  varieties  approaching  pyroxenites  by  dimioution  of  felspar  see  para.  56. 
«  Field  Duml)er  (A)  nth  mnraary  1896* 
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by  large  ophitic-Iike  plates  of  plagioclase.  Aa  accessories,  in  part  secondary  in 
origin,  are  biotite,  hornblende  and  magnetite-granules.  In  the  specimen  sent  I 
have  also  found  crystals  of  clear  quartz,  which,  being  associated  with  the  kaolinized 
portions  of  the  felspar,  are  possibly  of  secondary  origin.  This  rock  differs  from 
the  previously-described  group,  therefore,  only  in  the  absence  of  olivine,  whilst  the 
presence  of  a  rhombic  as  well  as  monoclinic  pyroxene,  and  the  order  of  consolida- 
tion of  the  constituents  make  it  a  link  on  the  basic  (olivine-bearing)  side. 

47*  A  second  link  is  represented  by  some  small  dykes  in  the  gneiss  south  of 
Bolconda  on  the  Salagiri-Krishnagiri  road  in  the  same  district.^ 

In  this  rock  Mr.  Smith  finds  the  hypersthene  and  augite  to  be  represented  in 
about  equal  quantities,  and  the  specimen  sent  shows  some  interesting  intergrowths 
of  the  two  minerals. 


(3.)  Exceptional  hemic ryst all ine  variation  of  Augite^norites. 

48.  The  rocks  of  this  transitional  group  are  represented  also  by  hemicrystaU 
line  varieties  which  are  of  a  most  unusual  type.  Specimens  of  these  have  been 
collected  by  Dr.  Warth  near  Eriyur  in  the  South  Arcot  District  (No.  9,782). 

They  are  tough,  black,  tachylytic-looking  rocks,  with  small  glassy-looking 
crystals  of  a  colourless  mineral,  which,  under  the  microscope,  are  seen  to  be 
enstatite,  lying  in  a  fine-grained,  black  matrix,  which  is  probably  in  part  vitreous. 
This  rock  corresponds  in  this  group  to  the  Poorsy  rock  in  the  olivine-norite  group 
and  10  the  augitites  which  have  been  d.^scribed  in  various  parts  of  the  world.  But 
both  this  and  the  olivine-bearing  rock  of  Poorsy  are,  so  far  as  lam  aware,  type 
hitherto  nndescribed. 

49.  It  occurs,  according  to  Dr.  Warth,  as  a  dyke  four  feet  wide  running  east- 
north-east  and  west-south-west  in  the  pyrozene-granulites,  and  specimens  gave  an 
average  specific  gravity  of  3*09. 

An  analysis  of  this  peculiar  rock  by  Mr.  P.  Bruhl  gave  the  following;  results  :^ 
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50.  Under  the  miaoscope  well-shaped  crystals  of  enstafiie  attaining  t  mm.  in 

length  form  the  only  phenocrysts.    They  are  perfectly  fresh 

The  Enitotite  pheno-     ^^  colourless,  and  from  the  shapes  of  the  sections  which 

*'^^'*''  show  the  typical  cleavage  of  pyroxene,  exhibit  combinations 

»  Field  number  (A)  6th  Febrnary  1896. 
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of  ihe  two  pinacoids  with  the  prism,  giving  the  eight-sided  shapes  so  commonly 
displayed  by  horizontal  sections  of  pyroxenes.  They  exhibit  a  tendency  to  aggre. 
(!ate  in  groups  o(  several  individuals.  The  double  refraction  is  low,  and  the  two 
optic  axes  can  be  distinctly  observed  in  basal  sections  examined  by  convergent 
polarized  light.    The  crystals  are  unattacked  by  hot  hydrochloric  acid. 

51.  The  groundmass  of  ihe  rocks  consists  of  minute  crystals  of  colourless  au^ite 
wrapped  around  by  tufted  microliles  of  presumably  felspar. 

The  groandmasi.  ^.^j^  ^  ^^^^^  ^^^^^^  ^j^^  ^P^  g^j.^^  ^^^  interspaces. 

53.  The  colourless   crystals,  though  so  minute,  are  well-defined,  and  their 

examination  with  |-inch  objective  leaves  no  doubt  about 

Aagite  microlitei.        ^^^,^  ^.^^  ^^^^^      ^^^  ^^^^^^^  ^  tendency  to  form  long 

crystals  with  the  prismatic  faces  well  developed,  and  are  often  very  clearly  twinned 
according  to  the  usual  law  of  augite.  Well  defined  cleavage-cracks  are  displayed 
by  the  larger  individuals.  Groups  of  apparently  isolated  crystals  often  show  simul- 
taneous extinction.  Their  strong  double  refraction  and  wide  extinction  angles 
serve  to  distinguish  them  from  the  large  phenocrysts  of  the  rhombic  pyroxene. 

53.  The  tendency  they  exhibit  of  growing  around  the  phenocrysts  of  enstatite 
Intergrowths  of  rboin-     *^  *  feature  of  special  interest  on  account  of  its  bearing  on 
bic  and  monoclinic  pj-     the  frequent  intergrowths  of  these  two  minerals,  which  are 
roxenes.  described  below  (para,  60).     In  most  cases  the  augite  sec- 

tions are  seen  like  two  long  lath-shaped  crystals  on  either  side  of  the  vertical  sections 
of  enstatite,  but  instead  of  being  sections  of  independent  crystals  they  are  found 
invariably  to  exhibit  simultaneous  extinction.  As  the  lath-shaped  crystals 
bordering  the  sides  of  the  enstatites  are  frequently  found  in  optical  continuity 
with  a  narrow  band  around  the  ends  of  the  latter  mineral,  there  is  no  doubt 
that  the  enstatite  is  encased  in  a  thin  shell  of  augitei  which  belongs  to  one  crystal 
and  though  in  this  rock  is  invariably  so  thin,  it  represents  the  beginnings  of  the  large 
crystals  described  below  (para.  60).  In  addition  to  this  casing  of  the  enstatite  in 
augite,  which  is  quite  common,  numerous  cases  occur  in  which  minute  pieces  of 
the  latter  mineral  are  found  scattered  through  the  phenocrysts  of  the  former,  and 
all  show  by  simultaneous  extinctions  the  crystallographic  continuity  of  these  in- 
cluded fragments  of  augite  with  the  thin  casing  of  the  same  mineral,  and  thus  we 
have  the  beginnings  of  the  complicated  intergrowths  of  the  two  forms  of  pyroxene 
so  frequently  recorded  in  the  basic  rocks. 

54.  The    colourless   tufted    microlites,   which,    with    minute  opaque    black 
p  .  gxanules,  constitute  the  rest  of  the  groundmass,  belong  pre- 

c  spar  micro  i  es.  gumably  to  the  felspar  which  plays  the  r6le  of  groundmass 
in  the  holocrystalline  types  of  these  rocks.  They  show  weak  double  refraction  and 
extinction  angled  of  about  10^  measured  from  the  long  axis  of  the  microlite,  and 
binary  twins  could  be  distinctly  observed.  In  this  rock  therefore  we  have  the 
order  of  consolidation  the  same  as  that  shown  in  the  holocrystalline  forms— ensta- 
iSte,  augite  and  felspar. 

As  this  rock  changes  considerably  in  grain  even  in  the  same  band-specimen 
it  would  be  interesting  to  trace  out  the  characters  of  the  dyke  more  precisely.  But, 
so  far  as  the  specimens  collected  by  Dr.  Warth  go,  the  coarser-grained  portions 
show  a  very  striking  approach  in  their  characters  to  those  of  the  more  holocrystal- 
line type  found  by  Mr.  Mi^HtAnxigg  in  ^le  Salem  district  and  described  below 
(para.  56). 
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(c)   Volcanic  Representatives  of  the  Augite^norites. 

55*  As  far  as  can  be  determined  with  the  small  amoant  of  material  available 
for  comparison,  the  Palamodu  trap-flow  (No.  9>794)  of  the  Caddapahs  appears  to 
corrrespond  ia  mineralogical  character  to  the  dyke-rocks  included  in  this  group. 
Mr.  Lake^  has  described  this  rocki  calling  attention,  amongst  other  results  of  its 
secondary  decomposition,  to  the  presence  in  it  of  bastite,  which  he  regards  as  the 
result  of  the  alteration  of  the  augite.  From  the  way  in  which  this  mineral  is 
associited  with  the  augite  I  should  suggest  that  it  is  the  altered  representative  of 
the  enstatite  which,  in  the  fresher  dyke-rocks,  shows  a  precisely  similar  relation 
to  the'  augite,  and  is  unquestionably  an  original  constituent.  The  alteration 
of  the  less  stable  enstatite  which  shows  such  ragged  irregular  junction  with 
the  augite  in  the  fresh  rock  might  very  well  give  rise  to  the  impression  that 
it  IS  the  result  of  change  extending  outwards  from  the  centres  of  the  latter 
mineral.  It  should  be  remarked,  however,  that  the  ophitic  structure  shown  so 
strongly  in  this  rock  distinguishes  it  from  the  members  of  the  augite-norite 
group  in  which  the  pyroxene  shows  such  a  tendency  to  crystallize  before  the 
felspar.  I  do  not,  consequently,  put  much  reliance  on  this  correlation.  It  is 
unfortunate  that  the  great  trap^flows  of  the  Cuddapahs,  which  evidently  include 
an  interesting  variety  of  rocks,  should  be  represented  by  so  few  specimens,  and 
until  further  cdlectiens  are  made  the  correktion  of  die  dykes  with  the  lava-flows 
must  remaia  in  its  present  rather  unsatisfactory  state.  • 

(flf.)   Varieties  approaching  Pyroxenites. 

;6.  It  is  frequently  found  diat  In  (he  foregoing  t^o  groups  the  rocks  locally 
approach  the  ultra-bisic  group  by  diminution  in  the  proportion  of  felspar.  In  the 
oUvine-bearing  group,  for  imtance,  the  rocks  sometimes  apt>roach  saxonites 
(harzborgites)  in  composition,  and  ia  tSiis  group  pyroxenites^  An  interesting  exam- 
ple of  ^  latter  modification  has  been  found  by  Mr.  Middlemiss  two  miles  from 
Thalli  on  tke  Hosur  road,  Salem  district.^  lir.  Middlemiss  describes  the  rock  as  a 
dark,  gseenisb-grey,  medium  gaiiodfook  witb«  specific  gravity  of  s*ii.  Under  the 
wvicAweopp  it  is  convposed  ol  enstatiite  m  brge  idiomorphio  crystals,  augite  in 
smaller  gnanuiar  crystals,  often  grown  aronnd  the  ensta^er  and  plagioclase  iA 
long  slender  blades  arranged  in  branching  and  net-like  fascicillee  or  tufts.  These 
sometimes  itm  afonnd,  and  sometiitaes  end  abruptly  against,  the  pyroxenes,  appear, 
ing  again  on  the  other  side.  Bkick  irt)n-ores  and  a  green  mineral  in  small  quantity 
appear  filling  in  spaces  between  bvanohing  Mspara.  Mr.  Middlemiss  has  kindly 
sent  me  a  specimen  of  thisr  rock,  and,  as  his  desodpition  would  leiad  one  to  expect, 
the  rock  is  just  such  an  one  as  might  be  expected  from  the  more  perfect 
crystallizatton  of  that  wtiieih  I  have  just  described  as^  a  hemitrystdtine  type  of  tkis 
group  (pasas.  48—5+)* 

57.  A  still  nearer  approach  to  the  purer  pyroxene-rock,  and  a  type  much 
ooarrer  in  graiti,  was  obtained  in  the  year  1S89  by  Mr.  R.  Bruce  Foote  south 
of  Nilgunda^  Harapanhialli  taluks  Bellary  district  (No.  8,B^33>.  It  is  a  tongh,  daxit 
grey,  even-geained  rook  witfe  a  spedfio  gravity  of  j*si;    Under  the  micresGope  it  is 

>  R0C,  Cedi   ^urv.  fnd.,  tTdl.  XXltl  (iS^oX  p.  StfO. 
^  rtftW  nttttibtfr  CO  ra-^*$6i 
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seen  to  be  composed  almost  wfadlj  of  pale  p^oxem^  with  the  interspaces  filled 
IB  with  a  plagioclati  felspar  approaching  anorthite  in  compoeitiont  and  showing 
by  its  eitinctioB  a  crystaHognipbic  oontiouity  in  isolated  patches  over  very  large 
areas.  Ihe  pyrox^e  is  partly  pale  hyperstb^ne,  showing  a  faint  pleochroism 
and  frequently  idiomcvphic  ontlines*  with  a  very  pale  green  angite  growing 
aroand  it.  The  rhombic  pyroxene  appears  to  be  well  in  excess  of  the  mopoclinic 
form.  Occasional  granules  of  opaque  iron-ores  occur  sometimes  associated  with 
biotite.  No  trace  of  olivine  has  been  discovered.  I  have  frequently  found  pyroxe- 
nites  composed  essentially  of  hypersthene»  approaching  amblystegitCi  and  angite, 
sometimes  with  olivine  and  pleonaste  (hercynite),  occurring  as  masses  associated 
wkh,  and  as  dykes  intrusive  in»  the  norites  of  the  90«c9illed  pyroxene-granuHte 
series  of  Madras;  but  from  the  resemblance  of  these  to  some  forms  of  th^ 
norites  in  which  they  occur,  I  have  reserved  them  for  description  on  another  occa- 
sion with  that  group,  believing  them  to  be  closely  related  to  one  another. 

(3)    AUGITE-DIORITE   GROUP. 
{a.)  Holocry stalling  varieties  with  micropegmatite. 

58.  The  members  of  this  group  are  distinguished  from  those  described  above, 
by  (i)  the  predominance  of  augite  amongst  the  pyroxenic  constituents; 

(2)  a  tendency  to  approach  an  ophitic  structure  by  an  earlier  development 
of  the  felspar  as  compared  with  the  pyroxene  ; 

(^  the  invariable  presence  of  quartz  aa  a.  micropegmatitlc  intergrowth  with 
felspar  playing  the  r61e  of  groundma^. 

These  characters  are  true  for  a  targe  number  of  dykes  intruded  into  the 
gneisses,  pyroxene-granulitea  and  Dharwar  Transition  rocks  of  the  Madras  Presi- 
dency,, as  well  as  of  some  £ava-flows  in  the  Foolumpett  beds  of  the  Chey-afr  group 
Cuddapah  system.^ 

59.  The  most  convenient  specimen  to  introduce  thfs  group  was  collected  by 
myself  in  September  1893,  from  a  large  dyke  west  of  Isa  Pairavaram,  n  mile^ 
south  of  Madras  city  (No.  993930*  It  is  a  Mack,  tQugh  rock  with  a  specific  gravity 
of  3' 10.  Under  the  microscope  it  is  seen  to  be  composed  of  enstatfte,  au^ite^  opaque 
iron-ores,  biotite  and  plagioclase  with  microgniphic  patches  of  quartz  and  felspar. 
The  plagioclase  is  distinctly  the  latest  constituent  to  complete  its  crystallization,  but 
it  is  by  no  means  as  distinctly  ophitic  in  character  as  in  the  more  basic  groups 
already  described ;  but  it  recalls  the  stntctore  of  some  members  of  Che  preceding 
group  in  the  occurrence  pf  blade-like  crystals  bent  around  the  pyroxenes  {cf. 
para.  56).  The  presence  of  ensU^ite  m  considerable  quantities,,  biotite  in  small 
quantities  and  the  late  formation  of  the  felspar  connect,  it  with  the  two  previous 
groups,  whilst  the  predomh;iance  of  augite  amongst  the  pyroxenes  and  the  presence 
of  large  quantities  of  wcrographic  quartjz  connect  it  with  the  third^  and  more  acid, 
group  of  dykes. 

6d«  EnsiafiSe  was  evidently  ttie  first  mineral  to  crystallize.  It  is  generally 
colourless,  but  sometimes  shows  a  faint  pleochroism^  It  is  very  |ieq)iently  surround- 
ed by  pale  augiiey  whose  function  with  it.  can  only  be  detected  by  polaiued  lights 

'  For  cumparisoo  with  tiap-flows  io  other  Transition  systoms  of  Peninsular  India,  see 
part,  79. 
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the  cleavage-cracks  being  continuous,  although  the  augite  generallf  has  a  brown 
tint  in  irregular  patches,  lietween  crossed  ntcols  the  junction  is  seen  to  be  very 
irregular  and  accompanied  by  isolated  patches  of  augite  scattered  through  the 
portions  of  the  enstatite  lying  near  the  junction-line,  pro^acing  complicated 
intergrowths  of  the  two  minerals.  The  augite  generally  presents  darkened  external 
borders,  which  are  often  accompanied  by  the  formation  of  minute  crystals  of 
hornblende  and  may  be  a  preliminary  stage  in  the  process  of  amphibolisation.  It 
is  a  very  common  feature  in  rocks  of  this  type. 

For  an  examination  of  the  characters  of  Uie  augite  a  specimen  from  the  Seven 
Pagodas  (No.  9,678)  whose  bulk  analysis  is  given  below  (paragraph  71),  was 
selected  on  account  of  its  being  practically  free  of  ensutite.  A  chemical  analysis 
of  separated  and  carefully  picked  pyroxene  gave  the  following  results :— 
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The  augite  is  thus  remarkably  similar  in  chemical  composition  to  that  of  the 
monoclinic  pyroxene  separated  by  Mr,  Teall  from  the  rock  of  the  Whin  Sill,  whose 
chemical  and  microscopical  characters  so  closely  resemble  those  of  the  augite-diorite 
dykes  in  the  Madras  Presidency.  As  pointed  out  by  Mr.  Teall,  the  resemblance 
in  chemical  composition  of  this  mineral  to  the  rhombic  pyroxenes  is,  in  view  of  the 
frequent  association  and  intergrowth  of  augite  and  enstatite  in  these  rocks,  a  point 
of  considerable  mineralogical  interest.^ 

61.  Tht  felspar  is  very  commonly  light  brown  in  the  central  portions  through 
the  inclusion  of  very  fine  dust,  but  the  colour  becomes  less  pronounced  as  the 
margins  of  the  crystal  are  approached,  and  ultimately  quite  colourless  at  the  margins, 
where  the  felspar  is  frequently  intergrown  with  quartz  to  produce  the  micropegma- 
tite  which  occurs  in  t^tiy  member  of  this  group.  Between  crossed  nicols  the  crystals 
are  seen  to  be  frequently  zoned,  with  the  more  basic  plagioclase  forming  the  centres 
of  the  crystals. 

69.  The  mlcropegmatite  forms  the  chief  point  of  interest  in  connection  with 
these  rocks.  It  occurs  as  colourless  patches  in  the  rock  in  which  minute  acicular 
crystals  of  actinolite  are  irregularly  disseminated.  The  characters  are  so  distinct 
that  these  patches  can  easily  be  detected  with  ordinary  light.  The  micropegmatite 
in  these  rocks  evidently  represented  the  colourless  patches  already  noticed  in  the 
more  basic  types  (jupra,  paras.  31  and  34)*  but  which  only  seldom  contained  quartz, 

63.  The  felspar  entering  into  the  composition  of  the  micropegmatite  is  some- 
times   crystallographically    continuous    with    the    large 
micro™ffm2Ste"  ^^  ^^     plagioclase  crystals ;.  but  in  some  specimens    included  in 
this  group  microclino  occurs.'    There  appears  to  be  no 

>  QutLft,  J9urn.,  G^oi.  Soe„  Vd.  XL  (1884),  p.  648. 
•  No.  9,79Si  slido.  ai33 ;  No.  9,789.  »»»do,  2131. 
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reason  for  regarding  this  micropegmatite  as  other  than  original — ^the  last  phase  in 
the  consolidation  of  the  rock.  The  rocks  are  remarkably  fresh  and  show  no  signs 
of  the  secondary  changes  which  so  frequently  result  in  the  deposition  of  pseudo- 
morphous  quartz,  whilst  the  felspar  is,  as  already  stated,  in  crystallographic  conti- 
nuity with  the  larger,  unquestionably  original  crystals. 

64.  It  is  an  interesting  fact  that  in  some  cases,  where  secondary  decomposition 
has  just  commenced,  the  micropegmatite  patches  are  always  the  centres  of  decom* 
position  (which  takes  the  form  of  hydration  principally),  extending  to  various  degrees 
around,  a  fact  which  suggests  that  these  parts  of  the  rock  are  the  portions  through 
which  water  circulates  most  freely,  possibly  because,  being  the  last  parts  of  the  rock 
to  consolidate,  they  are  less  compact ;  in  fact,  on  a  microscopic  scale  they  may  be 
miarolitic.  As  a  glass  generally  possesses  a  lower  specific  gravity  than  the  same 
chemical  mixture  when  crystallized,  such  an  occurrence  might  well  be  expected 
where  the  rock  consolidates  under  limited  pressure,  and  especially  where  such  a 
strong  framework  is  first  produced  by  the  previous  consolidation  of  two  intergrown 
minerals,  pyroxene  and  plagioclase,  which  make  up  the  principal  mass  of  the  rock. 
These  rocks,  like  most  of  those  in  Pem'nsular  India,  have  been  remarkably  free 
from  dynamic  action  since  thoir  consolidation ;  consequently  the  conditions  are 
most  favourable  for  the  preservation  of  such  delicate  structures. 

65.  As  it  is  very  likely  that  this  secondary  decomposition  gives  rise  to  the 
production  of  quartz,  the  micropegmatite  may  become  extended  by  the  form- 
ation of  quartz  in  crystallographic    continuity  with  that 

ofi'uroJ^Zmiti^?"''"  ^^'^^  was  original,  and  thus  a  portion  of  the  micro- 
pegmatite  is  secondary  in  origin.  Such  an  occurrence 
is  well  illustrated  by  a  specimen  collected  by  Mr.  Middlemiss  from  a  dyke 
if  miles  north  of  Jaulikerai,  Hosur  taluk,  Salem  district.^  In  this  rock 
the  felspars  have  been  completely  decomposed  in  the  central  portions  of  the 
micropegmatite,  with  the  formation  of  green  chloritic  products  which  also  fringes, 
with  decomposed  biotite,  the  adjoining  pyroxenes  of  the  rock.  In  the  same  way 
the  felspars  are  attacked »  partly  kaolinized,  and  clear  quartz,  presumably  secondary 
in  origin,  is  deposited  in  isolated  patches,  which  are  seen  between  crossed  Nicols 
to  be  in  crystallographic  continuity  with  one  another,  and  form  real  quartz  of 
corrosion.  In  a  homogeneous  matrix,  where  free  development  would  be  possible, 
one  would  expect  such  secondary  quartz  to  exhibit  idiomorphic  outlines,  and  such 
cases  have  been  described  and  attributed  to  secondary  enlargement  of  micro- 
graphic  quartz.' 

66.  Wherever  the  augite  comes  in  contact  with  the  micropegmatite  it  shows 
signs  of  secondary  change  with  the  formation  of  green  hornblende,  biotite  and 
concomitant  separation  of  magnetite.  The  side  of  the  augite  away  from  the 
micropegmatite  and  abutting  against  the  ordinary  plagioclase  generally  shows  no 
such  signs  of  alteration.  Whether  this  change  in  the  augite  is  much  later  than 
the  formation  of  the  micropegmatite  is  not  certain,  but  that  contact  with  the  latter 
substance  is  essential  to  its  production  seems  certain.  These  changes  in  the  augite 
are  precisely  similar  to  those  which  Professor  SoUas  has  described  as  the  result  of 
the  intrusion  of  granophyre  into  augite-diorite  C'gabbro")  at  Barnavave,  Carling- 
ford.    But  in  the  Madras  dykes  it  is  impossible  to  consider  these  minute  micro- 

'  Field  namber  (4),  13th  Feb.  1896. 

*  Sm  Quart,  fjutn.,  G<oL  5^..  Vol.  XLVIl.  (1891)  p.  177. 
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pegmatitic  patches  as  other  than  pan  of  the  rock  and  derived  from  the  same 
magma  as  the  augite  and  plagioclase. 

67.  Micropegmatitic  intergrowths  of  qoartz  and  felspar  have  frequentljr  beep 
described  in  rocks  of  this  kind.  Some  of  these  strikingly  resemble  the  Madras 
dykes  in  their  mineralogical  composition ;  for  example*  the  ''  qoartz-gabbro  "  of 
Carrock  Fell,  which  consists  principally  of  plagioclase  and  augite,  with  enstatite 
often  intergrown  with  the  augite,  occasional  biotite,  opaque  iron- ores  and  micro- 
graphic  intergrowths  of  quartz  and  felspar^ ;  the  "  gabbro  "  of  St  David's  Head 
which  differs  from  the  Carrock  Fell  gabbro  in  containing  more  biotite  and  less 
micropegmatite^ ;  the  Whin  Sill,  which  shows  variations  from  coarse-grained  por- 
tions, in  which  augite  becomes  idiomorphic,  to  a  hemicrystalline  rock  near  the 
margins';  and  the  enstatite-diorite  of  Fenmaenmawr,*  all  intrusive  in  Lower  Palaeozoic 
strata. 

68.  Other  examples  have  been  described,  but  those  just  mentioned  all  strikingly 
resemble  the  Madras  rocks  both  in  mineralogical  composition  and  in  structure* 
The  micropegmatite  has  generally  been  considered  to  play  the  r6le  of  groundmass 
and  to  be  the  last-formed  constituent,  but  in  a  paper  *'0n  the  relation  of 
the  Granite  to  the  Gabbro  of  Barnavave,  Carlingford,"  Professor  W.  J.  Sollas, 
has  described  granophyric  (micropegmatitic)  patches  in  the  gabbro  (augite-dioritej 
and  whilst  showing  that  they  can  always  be  traced  to  minute  intrusions  from  the 
associated  acid  rocks,  suggests  that  the  same  explanation  may  be  applied  also  to 
such  cases  as  the  Fenmaenmawr  rock  and  the  gabbro  of  Carrock  Fell.^ 

69.  For  want  of  evidence,  however,  as  to  the  occurrence  of '' granophyres  "  in 
association  with  the  Whin  Sill,  Professor  Sollas  admits  that  this  explanation  cannot 
be  applied  to  that  instance,'  neither  can  it  be  applied  to  the  Madras  dykes.  Of  the 
large  number  of  dykes  which  show  this  structure  in  Peninsular  India,  not  one,  so  far 
as  I  know,  has  been  crossed  by  a  later  intrusion  of  acid  rocks,  and  even  should  this 
happen  to  be  the  case,  it  still  remains  to  be  proved  that  such  acid  intrusions  are 
not  derived  from  the  same  magma»  and  consolidated  subsequent  to  the  basic  por- 
tions as  part  of  one  continuous  process.  I  would  consequently  prefer  the  explana- 
tion which  I  have  already  given,  namely/that  the  micropegmatite  is  really  original, 
the  last  phase  in  the  consolidation  of  the  rock,  and  its  formation  and  preservation  are 
facilitated  by  the  perfectly  quiet  conditions  of  consolidation  and  subsequent 
freedom  from  dynamic  disturbances.  The  order  of  consolidation  of  the  minerals 
in  these  form  a  striking  illustration  of  the  normal  succes^sion  according  to  Lagorio's 
law,  and  the  formation  of  micropegmatite  by  the  crystallization  of  the  small  quantity 
of  acid  mother-liquor  after  the  separation  of  the  basic  ferro-magnesian  silicates  is 
quite  in  accordance  with  this  law. 

70.  If,  as  I  have  suggested,  the  micropegmatite  crystallized  in  the  spaces 

>  A  Harker,  Quafi,  Journ,  G0OI  Soe.,  Vol.  L,  p.  316  (1894). 

•  A.  Harker,  Petrology  for  Students  (1895),  p.  66. 

«  ].  J.  H.  Teall,  Quart.  Journ,  Gwl,  &c„  Vol.  XL,  p.  64O  (1884).  also   Brii,  P9trog,^ 
p.  207,  and  piate  XIII,  fig.  2. 

«  J,  J.  H.  Teall,  Brit  P9irog^  p.  27a,  plata  XXXV,  fig.  3.  . 

•  7rafij.  Boi,  Irish  A^ad,^  Vol.  XXX  (1894),  pp.  487—490. 

•  Daring  the  discussion  on  Mr.  Marker's  recent  paper  on  the  grranophyrea  o(  Skjre,  Mr. 
Watts  pointed  out  that  the  Whin  Sill  at  Caldron  Snout  passed  into  a  rock  which  was 
practically  a  gabbro  embedded  in  granophyre. 
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formed  between  the  strong  framework  of  coarsely-crystallized  pyroxene  and 
plagioclase,  these  microscopic  miarolitic  cavities  were  probably  in  imperfect 
commnnication  with  one  another,  and  in  this  way  they  may  represent  in  a  sense 
so-called  ** contemporaneous"  veins.  It  remains  to  be  seen  how  far  supposed 
intrusive  veins  of  such  rocks  as  graphic  granite  and  granophyre  are  simple 
segregations  into  fissures,  whose  production  have  been  facilitated  by  absence  0 
any  greater  pressure  than  the  fissured  rocks  are  able  to  withstand.  But  this  opens 
a  wider  question  than  the  rocks  under  consideration  afford  data  for  discussion.^ 

71.  Passing  on  to. other  members  of  this  group  represented  in  the  dykes  of 
South  India,  we  find  that  the  rock  of  Isa  Pallavaram  passes  gradually  into  more 
typical  augite-diorites  by  loss  of  enstatite  and  biotite,  and  by  a  tendency  for  the 
plagioclase  to  crystallize  at  an  earlier  stage,  being  either  contemporaneous  with,  or 
even  later  than,  the  augite,  with  a  consequent  tendency  to  the  production  of  the 
ordinary  ophitic  type  of  many  rocks  known  as  diabases*  Good  examples  of  this 
type  have  been  collected  by  Dr.  Warth  at  Mailam  (No,  9,795),  Perumbakam  (Nos. 
9,789  and  9,790),  Tirvukarai  (Nos.  9,777  and  9f778),  in  South  Arcot  district ;  and 
by  myself  at  the  Seven  Pagodas  in  Chingelput  district  (No.  9,678), 

The  last-mentioned  occurrence  has  given  specimens  almost  free  of  enstatite, 
the  pyroxene  being  almost  completely  monoclinic.  An  analysis  of  this  rock  by 
Mr.  BrOhl  gave  the  following  results : — 
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The  detection  of  microclme  microscopically  (paragraph  63)  showing  the  presence 
of  potash  felspar  as  a  constituent  of  the  micropegmatite  is  confirmed  by  the  compara- 
tively large  proportion  of  potash  shown  by  this  analysis.  The  ratios  of  silica  to 
sesquioxides  and  protoxides  differ  from  those  of  the  Whin  Sill  no  more  than 
might  be  accounted  for  by  the  difference  in  preservation  of  the  two  rocks.  The 
Whin  Sill  has  undergone  a  certain  amount  of  hydrous  decomposition,  whilst 
the  dyke  of  augite-diorite  at  the  Seven  Pagodas  is  most  remarkably  fresh.  Both 
rocks  show  a  striking  approach  to  the  hypothetical  basic  magma  of  Durocher, 
which  he  supposed  to  contain  51  per  cent,  of  Si  Of,  and  possessed  a  density  of 
3'96. 

>  Besides  tbe  localities  already  qnoted  some  tery  fine  nam  pies  of  augite-diorites  with 
mierographic  quartz  were  collected  bj  Mr.  Lake  daring  the  season  1887-88  In  the  Be  llary 
district  and  Raichnr  Doab,  some  of  thena  occarriog  as  dykes  in  the  Dharwars:—  Nos.  8,537, 
SSO,  55^  558.  5^,  59^1 61^  and  6$$. 

C  S 
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(i.)  Hemicrystalline  varieties  of  the  Augite-diorties. 

73.  As  in  the  two  preceding  groups,  the  angfte-diorites  have  their  fine»grained 
and  possibly  hemiciystalline  representatives  in  narrow  djkes  and  on  the  selvages 
of  the  larger  masses.  Two  of  the  most  striking  examples  representing  each  of 
these  conditions  have  been  collected  by  Dr.  Warth.  The  first  was  found  as  a  dyke 
so  feet  wide  at  Nemeli  (No.  99784)*  and  the  second  forms  the  selvage  of  the  large 
mass  of  Pemmbakam  hill  (No.  9>788)»  both  in  South  Arcot  district 

73.  In  the  former  case  (Nemeli)  the  pyroxene  individuals  are  frequently  found 

to  be  rhombic  in  the  centre,  exhibiting  crystallographic 
^^(P^ah?rite!f  ***  parallelism  to  the  aogite  growing  around.  These  enstotite 
cores  often  show  a  pair  of  h<»-ns  at  either  end  giving  the 
core  very  much  the  shape  of  the  crysullites  which  Mr.  Rutley  has  figured  as 
'*  crenulites.^"  The  augite  is  greatly  in  excess  of  the  enstatite,  and  although  it 
probably  commenced  its  crystallization  before  the  felspar,  these  two  constituents 
are  sufficiently  intergrown  to  show  that  they  mostly  separated  simultaneously, 
leaving  a  series  of  spaces  which  are  filled  in  with  skeleton  crystals  of  magnetite  and 
a  mtcrographic  intergrowth  of  probably  felspar  and  quartz  on  an  exceedingly 
minute  scale,  in  some  places  what  Harker  would  call  cryptographic?  It  would  be 
interesting  to  follow  this  rock  out  to  its  selvages ;  but  no  further  specimens  were 
collected. 

74.  The  rock  which  represents  the  selvages  of  the  large  mass  at  Pemmbakam 
An  ite-    d    te  consists  of  phenocrysts  of  augite  and  olivine  in  a  very  fine- 
grained matrix  of  probably  the  same  minerals,  magnetite 

and  small  patches  of  biotite,  forming  a  closely  felted  mass  in  which  it  is  impossible 
to  decide  as  to  the  presence  of  vitreous  material.  From  the  specimen  alone  the 
rock  might  very  well  be  described  as  an  augite-andesite. 

75.  The  phenocrysts  9Xt  often  gathered  into  glomero-porphyritic  groups  showing, 
by  Uieir  intergrowths,  the  approximately  simultaneous  crystallization  of  the  augite 
and  felspar.  These  minerals  are  of  the  usual  type  represented  in  the  more 
perfectly  holocrystalline  types,  and  the  felspars  in  the  same  way  are  crowded  with 
minute  inclusions,  giving  the  crystals  a  light  brown  or  grey  colour.  Although  with 
the  low  powers  the  pyroxene  appears  to  be  almost  wholly  augite,  examination  with 
the  high  powers  shows  on  a  minute  scale  the  microperthite-like  structure^  which 
may  possibly  be  due  to  an  intergrowth  with  rhombic  pyroxene.* 

{c)  Volcanic  representatives  of  the  Augite^diorites. 

76.  Although  the  contemporaneous  lava-fiows  of  the  Cuddapahs  are  represented 
BMn     herd  I     -fl  by  a  very   limited    number   of  specimens    in  the  Geo- 
logical Museum,  those  which  have  been  collected  strikingly 

resemble  the  dyke-rocks  already  described  in  mineralogical  composition  and  in 
structure.    Probably  the  most  typical  representative  of  the  augite-diorite  group  is 

>  Min,  Mag.,  Vol.  IX»  pUte,  figs.  18,  19  and  aa 

•  Petrology  (1895),  p.  pa. 

*  A  sitnilar.rock  was  collected  in  1886  by  Mr«  R.  Brace  Foote  in  the  Bellary  district  and 
recorded  by  myself  from  the  band- specimen  ai  an  augite-andesite  [No.  9^454;  ^•^^  G^oi. 
Sur9,  Ind.,  Vol.  XXVII,"  p.  40  (1894]. 
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the  lava-flow  near  B^tumcherd,  ia  the  Karnool  district,  which  is  a  member  of  the 
Poolampett  beds  of  the  Chey-air  stage,  Cuddapah  system. 

7 J,  Mr.  P.  Lake^  has  shown  that  this  rock  is  composed  principally  of  angite 
and  plagioclase  with  a  little  magnetite,  and  has  a  specific  gravity  of  3*0.  Further 
examination  shows  the  presence,  according  to  my  determination,  of  considerable 
quantities  of  quartz  which  often  forms  micrographic  intergrowths  with  the  felspar, 
and  a  very  small  quantity  of  enstatite  with  occasional  flakes  of  biotite.  The  re- 
lations of  the  augite  to  the  felspar  are  precisely  those  which  characterise  the  augite« 
diorite  group  amongst  the  dyke-rocks,  the  „  rock  being  sub-ophitic.  Second- 
ary decomposition  has  resulted  in  the  partial  kaolinization  of  the  plagioclase  and 
in  the  formation  of  a  microcrystalline  chloritic  product  from  the  augite.' 

{d.)  Occurrence  of  augite'diorites  with  micrographic  quarln  tn  other 

Transition  systems. 

78.  It  is  interesting  to  find  very  similar  augite-diorites  with  micrographic 
quartz  associated  with  many 'of  the  other  Transition  systems  of  Peninsular  India 
which  resemble  a  portion  of  the  Cuddapah  system  in  other  lithological  characters. 
Many  of  these  are  dykes  and  consequently  cannot  be  relied  upon  as  evidence 
for  the  purposes  of  stratigraphical  correlation ;  and  although  the  small  numbei:  of 
specimens  collected  from  undoubted  contemporaneous  trap-flows  agree  very  re- 
markably with  the  augite-diorites  of  the  Cuddapahs  in  petrological  characters,  fax 
more  evidence  of  a  precise  character  is  necessary  before  the  characters  of  the 
volcanic  rocks  can  be  added  to  the  other  lithological  evidence  which  forms  the 
only  data  available  for  the  stratigraphical  correlation  of  these  unfossiliferous 
systems  of  the  Peninsula, 

79*  Amongst  the  contemporaneous  traps  of  the  Transitions  containing  micro* 
pegmatite  which  are  represented  in  the  Calcutta  collection  are  principally  from 
the  Bijawars  (Nos.  5,}^  and  5,10,  which  contain  olivine  and  are  beautifully  ophitic; 
Nos.  33,126  and  55,34,  which  have  been  greatly  altered,  the  latter  showing  the 
*'  herring-bone  **  structure  due  to  lamellation  parallel  to  the  basal  plane  so  fre- 
quently noticed  by  Teall,  Harker  and  others)  and  the  Gwaliors  (No.  is'49). 
The  last-named  from  the  Barai  trap-flow  of  the  Gwalior  Transition  series,'  con* 
tains  porphyritic  crystals  of  plagioclase,  now  considerably  decomposed.* 

IV.— SUMMARY  OF  RESULTS. 

80.  The  dykes  intrusive  in  the  gneisses  and  Dharwar  Transition  rocks  of 
Southern  India,  as  the  well  as  the  Cuddapah  lava-flows,  which  are  supposed  to  be 
their  volcanic  representatives,    vary  from  olivine^ugiU'nontes    (enstatite-olivine* 

>  Ru,  GeeL  Surv.  Ind.,  Vol.  XXIII,  p.  261  (1890). 

*  Another  specimen  obtained  by  Dr.  Kin|r,  3  miles  W.  S.  W.  of  B^tnmcherii  (No.  97,9a) 
is  an  amygdaloidal,  fine-grained  tarietj  of  apparently  the  same  rock ;  but  it  too  far  decom* 
posed  to  permit  a  correct  determination  of  its  original  characters. 

*  See  Hacket,  Fee.  Ge0l.  Surv.  Ind,,  Vol.  Ill,  p.  38  (1870). 

*  I  have  also  found  micrographic  quartz  in  very  similar  aagite-dioritet  intrusive  in  the 
vnfossiKferons  palseosoic  slatest  dolomites  and  quartiites  of  Naini  Tal  and  in  Garhwal 
(Not.  9,737. 850,  8S4. 8^. 
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gabbros)  sometimes  approaching  saxonite  (barzbnrgite)  in  composition,  to  augHe- 
diorites  (gabbros)  with  micrographic  guar/B. 

8 1.  Hemicrystallim  npresentaiives  of  these  rocks  occur  in  narrow  veins  and  as 
selvages  to  larger  masses.  Two  of  these  are  exceptional  types  related  to  the  magma- 
basalts  and  augitites.  In  one  case  olivine  is  the  only  phenociyst  in  a  black 
cryptocrystalline  matrix.  In  the  other  the  only  phenocryst  is  enstatite  which  lies 
in  a  microlithic  matrix  of  angite  and  probably  felspar  with  residnal  glass.  The 
enstatites  are  enclosed  in  a  thin  shell  of  augite,  which  is  frequently  in  crystallo- 
graphic  continuity  with  isolated  fragments  of  augite  within  the  enstatite. 

83.  In  the  most  basic  members  of  the  series*  olivine  is  the  first  constituent 
to  crystallize,  and  is  followed  in  order  by  enstatite,  biotite  and  plagioclase.  The 
plagioclase  grows  around  its  associates  in  crystals  sufficiently  large  to  give  a  distinct 
*'  lustre-mottling  "  to  the  hand  specimens  of  the  coarse-grained  varieties.  In  the 
less  basic  types,  which  are  wanting  in  olivine,  the  enstatite,  augite,  biotite  and 
felspar  are  crystallized  in  the  same  order.  In  the  least  basic  forms,  enstatite  is 
either  absent,  or  present  in  subordinate  quantities,  forming  nuclei  for  the  augites, 
which  exhibit  in  these  types  a  tendency  to  crystallize  at  a  later  stage,  being  deve- 
loped mostly  simultaneously  with  the  felspar  even  to  produce  in  some  cases  a  sub- 
ophitic  structure. 

83.  The  micropegmatiie  is  evidently  the  latest  constituent  to  consolidate.  It 
is  composed  of  quartz  and  either  plagioclase  or  a  potash-felspar,  which  is  some- 
times in  the  form  of  microcline.  When  the  quartz  is  intergrown  with  plagioclase, 
the  latter  is  generally  in  crystallographic  continuity  with  large  adjoining  crystals. 
The  plagioclase-felspars  are  brown  or  grey  in  their  central  portions,  on  account  of 
innumerable  inclusions.  As  the  periphery  of  the  crystal  is  approached  the  colour 
becomes  less  pronounced,  and  the  felspar,  as  shown  by  its  change  in  extinction- 
angle,  less  basic,  until  at  the  margins,  where  it  is  intergrown  with  quartz  to 
form  the  micropegmatite,  it  and  the  quartz  become  quite  **  water-clear, "  but  then 
they  invariably  contain  numerous  acicular  inclusions  of  a  mineral  resembling 
actinolite.  These  "  water-clear ''  micropegmatite  patches  fill  in  the  angles  between 
the  large  crystals  of  felspar  and  augite,  and  though  evidently  younger  than  either  of 
these  minerals,  must  be  regarded  as  crystallized  in  direct  succession  to  them  as  the 
last-formed  constituent  during  the  primary  consolidation  of  the  rock. 

84.  In  the  majority  of  the  dykes  the  only  signs  of  alteration  are  in  the  form- 
ation of  green  hornblende  and  biotite  with  concomitant  separation  of  magnetite  wh<tre 
the  augite  comes  in  contact  with  the  micropegmatite.  These  changes  are  never 
shown  except  on  the  sides  of  the  augite  nearest  the  micropegmatite.  They  are 
predselysimilar  in  character  to  the  alterations  induced  in  the  augites  of  the  Car- 
lingford  gabbro  (augite-diorite)  by  intrusions  of  "granophyre"  (Sollas,  Trans. 
Roy.  Irish  Acad..  Vol.  XXX  (1894),  p.  493).  But  it  would  be  impossible  to 
regard  such  excessively  minute  patches  of  micropegmatitOf  whose  felspars  are  in 
crystallographic  continuity  with  the  ordinary  plagioclase-constitnents  of  the  rock, 
as  intrusive,  and  «uch  a  conclusion,  in  the  complete  absence  of  connection  with 
larger  acid  intrusions,  would  be  quite  an  unjustifiable  alternative  to  the  explanation 
offered  above  (para.  83).  When  the  rocks  show  signs  of  hydrous  decomposition, 
the  micropegmatitic  patches  are  always  found  to  be  the  centres  of  action.  One 
result  of  this  decomposition  is  a  secondary  extension  of  the  micropegmatite  by 
deposition  of  genuine  "  quartz  of  corrosion  "  in  the  surrounding  felspars. 
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85.  As  the  consolidation  of  the  rock  resulted  first  in  the  formation  of  a  strong 
framework  of  coarse  augite  and  felspar  crystals,  the  spaces  left,  and  now  occupied 
by  the  micropegmatite,  must  have  been  in  partial  communication  with  one  another. 
As  a  glass  occupies  a  greater  space  than  the  same  substance  when  crystallized,  the 
micropegmatitic  portions  must  be  less  compact  than  the  rest  of  the  rock,  and 
being  protected  by  the  strong  framework  of  aUgite  and  plagioclase  from  the  pres- 
sure brought  to  bear  on  the  rock  as  a  whole,  might  give  rise  even  to  the  production 
of  microscopic  miarolitic  cavities.  As  these  loose-textured  portions  are  in  com- 
munication with  one  another,  they  become  the  channels  of  water-circulation  and 
consequently  appear  in  sections  as  the  centres  of  hydrous  decomposition. 

86.  Although,  as  already  stated,  the  micropeg^atite  in  the  fresh,  undecom- 
posed  rocks  is  regarded  as  primary  in  origin  and  subsequent  in  formation  to  the 
augite  and  plagioclase,  the  considerations  stated  in  the  previous  paragraph  suggest 
that  its  formation  is  not  a  simple  continuation  of  the  normal  crystalline  consolid- 
ation of  a  molten  magma.  Any  water  which  may  have  been  in  the  original  molten 
material  would  be  reserved  in  the  "mother-liquor"  after  the  separation  of  the 
augite  and  plagioclase,  so  that  the  changes  which  subsequently  occurred  in  the  com- 
municating inter-crystal  spaces  would  be  of  an  aqueo-igneous  nature.  This  accounts 
perhaps  for  the  peculiar  appearance  of  the  ''water-clear"  patches  of  micro- 
pegmatite  with  their  acicular  actinolitic  inclusions,  recalling  at  once  the  similar 
quartz  which  is  generally  regarded  as  secondary  in  decomposed  rocks,  and 
explains  also  the  alteration  of  the  augite  where  it  comes  in  contact  with  the  micro- 
pegmatite. 

87.  In  describing  the  "  granophyric  gabbro"  of  Bamavave,  Carlmgford,  Pro- 
fessor SoUas  (0/.  cit,y  pp.  487 — 490)  traced  micropegmatitic  patches  in  an  augite- 
diorite  to  thin  veins  of  "  granophyre,"  which  he  regarded  as  intrusions  of  material 
in  a  state  of  great  fluidity,  and  suggests  that  this  explanation  may  apply  also  to 
the  similar  well-known  cases  of  Carrock  Fell  and  Penmaenmawr  which  are  found 
to  be  in  association  with  large  masses  of  **  granophyre. "  For  want  of  evidence, 
however,  as  to  the  occurrence  of  '^  granophyres "  in  association  with  the  Whin 
Sill,  Professor  Sollas  admits  that  this  explanation  cannot  be  applied  to  the  similar 
occurrence  of  micropegmatite  in  that  rock.  Neither  can  it  be  applied  to  the 
Madras  dykes,  which  are  not,  so  far  as  I  know,  crossed  by  any  later  intrusion  of 
acid  material.  The  explanation  which  I  have  offered  in  connection  with  the 
Madras  rocks  appears  to  account  for  the  primary  formation  of  micropegmatite  in 
these  rocks,  as  well  as  its  secondary  extension. 

88.  Accepting  Professor  Sollas'  precedent  for  extending  an  explanation 
beyond  the  limits  of-  the  material  under  description,  I  would  suggest  the 
application  of  the  explanation  now  offered  for  the  Madras  dykes  to  such  cases 
as  the  Whin  Sill,  Carrock  Fell  gabbro  and  the  Penmaenmawr  enstatite-diorite ; 
and  further  to  suggest  that  even  distinct  veius  of  granophyre  instead  of  being 
considered  normal  igneous  intrusions,  can  best  be  explained  as  ''  contempor- 
aneous veins"  formed  as  the  final  stage  in  the  consolidation  of  the  magma 
from  which  the  augite-diorite  was  obtained  during  the  earlier  stages  of  its 
consolidation.  When  the  consolidation  takes  place  under  h'mited  pressure,  as  was 
probably  the  case  with  these  Madras  dykes,  the  framework  of  augite  and  plagioclase 
.will  be  sufficiently  strong  to  prevent  collapse,  and  the  micropegmatite  can  thus 
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consolidate  in  the  intercrystal  cavites.  Bot  where  the  pressure  is  in  excess  of  that 
which  the  framework  of  angite  and  plagioclase  is  able  to  withstand,  as  is  more  likelj 
to  be  the  case  in  large  masses,  the  mother-liquor  will  be  squeezed  out  and  will 
consolidate  as  a  separate  mass  of  granophyre.  Some  such  explanation  as  this  I 
would  offer  to  account  for  the  frequent  association  of  masses  of  augite-diorite 
(gabbro)  with  granophyre ;  or  in  other  words,  to  account  for  the  separation  of  these 
genetically  related  rocks  when  the  magma  is  sufficient  to  form  large  bosses,  and  for 
their  intimate  microscopic  association  where  the  magma  consolidates  in  narrow 
dykes. 

89.  Lik«  the  pyroxene-granulite  series  in  which  these  basic  rocks  occur  so 
frequently  as  dykes,  they  are  remarkably  fresh.  Even  the  olivines  show  practi- 
caUy  no  signs  of  decomposition  in  the  dyke-rocks  and  have  suffered  only  slightly 
in  the  lava-flows,  whilst  signs  of  dynamic  metamorphism  are  absolutely  wanting. 
These  facts  are  in  complete  agreement  with  the  known  stratigraphical  history  of 
Peninsular  India  which  has  been  so  remarkably  free  from  crust  disturbances 
since  Palaeozoic  times. 

90.  As  the  effects  of  -subaerial  weathering  must  be  very  superficial  compared 
to  the  results  of  the  action  of  water  charged  with  carbonic  acid  under  the  high 
pressures  at  the  bottom  of  an  ocean,  the  fresh  condition  of  the  olivine  and  other 
minerals  susceptible  to  hydrous  decomposition  in  these  rocks  is  in  agreement  with 
the  absence  of  any  evidence  as  to  the  deep  submergence  of  the  parts  of  South 
India  where  these  rocks  are  exposed. 

91.  The  absence  of  all  signs  of  amphibolization  in  the  angites,  which  are  so 
susceptible  to  the  effects  of  dynamic  metamorphism,  is  in  agreement  with  the 
undisturbed  state  of  all  rocks  younger  than  the  Cuddapahs  in  Peninsular  India, 
whilst  the  same  feature  serves  generally  to  distinguish  the  basic  igneous  rocks  of 
post-Cuddapah  age  from  the  epidiorites  and  other  highly  altered  emptives  associat- 
ed as  contemporaneous  lava-flows  with  the  older  Dharwar  Transitions, 

9s.  Although  such  petrological  features  can  never  be  relied  on  alone  for  pur- 
poses of  stratigraphical  correlation,  it  is  worthy  of  remark  that  augite-diorites  with 
micrograpbic  quartz,  and  equally  well-preserved,  occur  in  Transition  systems  like 
the  Bijawars  and  Gwaliors  in  other  parts  of  Peninsular  India,  which  have  generally 
been  considered  older  than  the  Cuddapahs ;  but  which  agree,  however,  with  the 
lower  stages  of  this  system  in  many  other  lithological  characters. 

v.— EXPLANATION  OF  PLATES. 

Plate  L 

Fig,  i.^Olivim^oriUf  S.  of  Kaithaha,  near  Saria  on  the  Sone  river,  Ram- 
nagar  Tahsil,  Rewa  State.  No.  10,588 ;  slide  1115.  Magnified  by 
so  diameters.  Olivine  in  rounded  crystals  with  reaction-rims  of 
a  colourless  granular  enstatite  forming  the  inner  zone  and  fibrous 
actinolite  forming  the  outer  zone.  The  colourless  portion  is 
plagioclase  in  which  two  crystals  of  enstatite  are  shown.  Where  the 
small  enstatite  crystal,  near  the  upper  margin  of  the  slide,  ap- 
proaches olivine  the  only  sign  of  a  reaction-rim  is  a  thin  band  of  the 
*  colourless  granular  mineral  separating  the  enstatite  aystal  from 
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the  olivine.  Sach  thiu  bands  of  the  colourless  mineral  are  often 
found  in  crystallographic  continuity  with  the  neighbouring  pri- 
mary crystal  of  enstatite. 

Fig.  2, — Olivtne-ensMife^basai/.-^'Dy\ie  in  *' pyroxcne-granulites/'  Coonoor, 
Nilgiri  hills,  Madras  Presidency.  No.  8,759;  slide  No.  1599. 
Magnified  by  20  diameters.  The  phenocrysts  in  this  rock  are 
olivine,  enstatite  and  plagioclase.  There  are  numerous  glomero. 
porphyritic  aggregates  formed  of  one  crystal  of  olivine  in  the 
centre  with  numerous  enstatite-crystals  around.  Such  a  group 
is  shown  in  the  centre  of  the  field.  The  matrix  is  pilotazitic, 
possibly  hyalopilitic,  containing  augite,  biotite»  enstatite,  felspar 
and  magnetite.  Towards  the  central  portions  of  this  dyke  the 
crystals  of  the  groundmass  are  more  clearly-defined,  and  the  pleo- 
chroism  of  the  rhombic  pyroxene  often  well  exhibited.  (See 
paras.  36—38.) 

Fig.  J. — Magma^hasali  withcui  atigiie,(~-''Thin  vein  in  "  pyroxene-granulite/' 
near  Poorsy,  north-north-west  of  Wandiwash,  Madras  Presidency. 
No.  1,843 ;  slide  No.  so37«  Magnified  by  80  diameters.  The  rock 
has  a  black,  almost  opaque,  cryptocrystalline  or  glassy  matrix  in 
which  olivine  phenocrysts  only  occur.  The  crystals  are  well 
shaped,  zoned  and  often  corroded  by  the  magma,  as  shown  by  this 
specimen.  The  cracks  running  across  the  matrix  are  filled  in  with 
colourless  decomposition-products. 

Fig.  4. — OHvim^noriie^varioltii. — Selvage  of  vein  a  feet  wide  in  "pyroxene- 
granulite/'  Coonoor,  Nilgiri  hills,  Madras  Presidency.  No.  8,757 ; 
slide  No.  1198.  Magnified  by  so  diameters.  The  variolesare 
brown  in  colour  and  sprinkled  with  magnetite-dust.  Glomero- 
porphyritic  aggregates  of  olivine  and  enstatite  precisely  resembling 
those  shown  in  fig.  a,  as  well  as  isolated  crystals  of  enstatite,  are 
scattered  through  the  cryptocrystalline  matrix. 

Fig.  J. — "  NoriU-feUiiii* — Dyke  so  feet  wide  in  "  pyroxene-granulite,"  Eriyur, 
South  Arcot  district,  Madras  Presidency.  No.  9,782;  slide  No. 
2197.  Magnified  by  20  diameters.  Porphyritic  crystals  of  colour- 
less enstatite  in  a  matrix  of  augite  and  long  microlites  of  felspar 
with  black  interstitial  matter,  which  may  be  vitreous.  The  way  in 
which  the  long  microlites  of  felspar  are  wrapped  aroand  the 
pyroxenes  forms  a  perfect  imitation  on  a  very  small  scale  of  the 
blades  of  plagioclase  in  the  coarse-grained  rock  from  Salem 
described  in  para.  56.  The  large  phenocrysts  of  enstatite  are 
generally  encased  in  a  thin  shell  of  augite,  which  is  seen  between 
crossed  Nicols  to  be  in  crystallographic  continuity  around,  and 
often  also  with  apparently  isolated  fragments  of  augite  within,  the 
ensutite  phenocrysts.  This  rock  bears  to  the  angite-norites  pre- 
cisely the  same  relation  as  a  felsite  does  to  a  granite.  It  may 
therefore  be  called  a  ''norite^felsite,''  or  any  convenient   name 


4*  Records  of  the  Geological  Survey  of  India.       [VOL.  xxx. 

which  indicates  that  its  composition  is  that  of  a  norite  and  its 
structure  felsitic. 

Fig,  6.-^AugUe-diorite  with  micropegma/iU.'^Dykt  in  "  pyroxene-grannlite/' 
Moilam,  South  Arcot  district,  Madras  Presidency.  No.  9,795 ; 
slide  No.  2133.  Magnified  by  is  diameters.  Crossed  Nicols. 
The  rock  is  composed  of  augite,  plagioclase  and  a  micropegmatitic 
intergrowth  of  quartz  and  felspar  playing  the  rftle  of  groundmass 
and  regarded  as  primary  in  origin. 

Plats  U. 

Fig,  i,^^Basal  section  of  olivine  crystal,  showing  the  traces  of  bntchypinacoid- 
al  cleavage  planes  crossing  the  cut  edges  of  the  dendritic  inclu- 
sions at  right  angles.  The  quartz  wedge  shows  the  latter  to  lie  in 
the  direction  of  the  axis  of  maximum  optical  elasticity  a,  whilst  the 
cleavage  cracks  are  parallel  to  the  axis  of  minimum  optical  elasti- 
city c  (See  para  13),  From  Oltoine^ugite-nOfite,  near  Saria 
Rewa.  Rock  No.  10,588;  slide  No.  sias-  Magnified  by  180  dia- 
meters* 

Fig*  2.^IntergroU)th  of  pyroxene-crystals,  shoynng  tht  peculiar  microperthite- 
like  structure  in  one  of  the  individuals  (P).  The  positions  of 
extinction  in  the  individuals  P,  Pb  Pn,  and  Pm  respectively  are 
shown  by  the  arrows.  From  the  same  Olivine-augite-norite ;  slide 
No.  1895.    MajB^ified  by  V  diameters.    (See  para.  18.) 

Fig,  J. — Reaction-rim  between  olivine  and  plagioclase.  Os  Olivine,  Ps 
Plagioclase,  E  =z  Enstatite  with  its  secondary  enlargements,  #, 
which  are'  in  crystallographic  continuity  with  the  original  crystal 
Ef  and  in  one  place  form  part  of  the  reaction*rim  with  the  green 
actinolite,  a.  It  will  be  noticed  that  the  actinolite,  a,  appears  only 
between  the  secondary  enstatite,  e,  and  the  plagioclase,  not  between 
the  latter  mineral  and  the  primary  enstatite,  F,  E.  shows  feebljr  the 
pleochroism  of  hypersthene,  whilst  r  is  perfectly  colourless.  Slide 
No.  2125.    Magnified  by  V  diameters.    (See  para.  14.) 

Fig.  4. — Amgite*andesite,  forming  .the  marginal  portion,  of  a  large  mass  of 
augite-diorite  with  micropegmatite  at  Perumbakam,  South  Arcot 
district,  Madras  Presidency.  It  consists  of  a  hyalopilitic  ground- 
mass  of  angite,  plagioclase,  biotite,  magnetite  and  glass  with 
phenocrytts  of  augite  (A)  and  plagioclase  felspar  (F)  showing 
in  the  glomero-porphyiitic  groups  approximately  simultaneous 
crystallisation  of  the  two  minerals.  Rock  No.  9,788 ;  slide  No. 
2130.  Magnified  by  V  diameters.    (See  para.  75.) 
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The  reference  pf  the  genus  Vertcbraria  *y  M.  R.  Zeillbr;  translated 
by  E.  Vredenburg,  A.  R.  C.  S.,  Assistant  Superintendent^  Geologu 
cat  Survey  of  India} 

Few  fossil  genera  have  so  mach  perplexed  the  minds  of  most  eminent  paleo- 
botanists  for  the  last  50  years  as  the  genus  Vertehraria^  without  any  definite 
conclusion  having  been  arrived  at  respecting  its  true  affinities.  This  genus  was 
established  by  Royle  in  1839  to  include  flattened  axes  of  varying  width,  usually 
with  a  more  or  less  distinct  median  groove,  giving  off  at  right  angles  transverse 
furrows  more  or  less  irregularly  spaced,  sometimes  alternate,  sometimes  oppositei 
and  dividing  either  side  of  the  impression  into  a  series  of  successive  joiats. 
Moreover,  the  widest  specimens  usually  exhibit  upon  each  side  other  longitudinal 
grooves  parallel  with  the  central  one,  only  not  so  distinct.  These  grpoves,  longi- 
tudinal  as  well  as  transverse,  may  be  replaced  by  projecting  ridges,  according 
to  the  mode  of  preservation  of  the  fossil.  The  axes  are  either  simple  or  provided 
with  branches,  alternately  disposed  on  either  side,  but  irregularly  spaced. 

A  few  specimens  lying  at  right  angles  to  the  planes  of  bedding,  show  upon  their 
cross  section  a  series  of  wedge-shaped  segments  radiating  from  a  common  centre 
and  more  or  less  closely  packed ;  this  led  some  authors  to  arrive  at  a  conclusion, 
which  was  subsequently  recognised  as  unfounded,  that  they  were  SphtnophylU 
^iV^^with  very  numerous  leaf -whorls,  close  set  along  the  stem.  Bunbury  regard* 
ed  the  specimens  he  studied  as  roots.  O.  Feistmantel  who  has  had  the  opportu* 
nity  of  examining  a  large  number  of  spedmens  obtained  from  India  and  Australia, 
concluded,  but  without  committing  himself  any  further,  that  Vertebraria  is  the 
root  or  rhizome  of  some  other  plant,  and  probably  of  an  Equisetaceous  plant  such 
as  Schitontura  or  Phylloiheca  ;  but  this  view  seems  difficult  to  accept  as  the 
transverse  folds  of  Vertebraria  often  intersect  only  half  the  structure,  and  the 
existence  of  real  articulations  like  those  of  the  Equiietacea  appeared  hx  from 
evident. 

Up  till  now,  Vertebraria  had  been  met  with  only  in  India  in  the  lower 
Gondwana  series,  and  in  Australia  in  the  Newcastle  beds.  I  have  recently  been 
able  to  detect  its  occurrence  in  another  region,  the  permo-triassic  deposits  of  the 
Transvaal  belonging  to  the  Beaufort  stage;  it  is  fairly  abundant  amongst  the  speci- 
mens collected  by  M.  de  Launay,  mining  Engineer,  in  the  neighbourhood  of 
Johannesburg.  It  is  associated,  as  in  Australia  and  India,  with  numerous  impres* 
sions  of  Glosiopieris,  and  as  very  few  other  vegetable  remains  are  met  with,  I  was 
led  to  consider  whether  this  association  of  Qlossopterif  and  Vertebraria  did  not 
indicate  some  mutual  relationship. 

By  splittmg  up  these  Transvaal  specimens  and  carefully  developing  the  im- 
pressions which  they  contained,  I  was  soon  able  to  ascertain  the  presence,  upon 
several  specimens  of  Vertebraria^  of  more  or  less  abundantly  ramified  roots  start- 
ing from  some  of  the  transverse  grooves,  from  which  I  was  able  to  infer  that  they 
are  undoubtedly  rhizomes.  Further,  a  study  of  the  structures  exhibited  by  the 
impressions  has  enabled  me  to  conclude  that  these  rhizomes  consisted  of  a  central 
axis  provided  with  a  variable  number  of  longitudinal  wings  anastomosing  two  by 

^  Compte$  Rendut,  cxiii,  744.  I  am  indebted  to  Sorgeoo-Major  D.  Praio,  Corator  of 
the  Herbarium,  Royal  Botanical  Gardens,  Sibpnr,  for  kindlv  revisioa  the  translation. 
— R.  D.  O. 
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two  from  pkoe  to  place ;  the  characteristic  tranivene  grooves  observed  apon  the 
surface  coiresponding  to  these  anastomoses.^ 

Now  sach  a  disposition  is  actually  met  with  in  certain  ferns,  particularly  in 
Siruthiopteris  germaniea  whose  rhizome  is  provided  with  a  variable  number  of 
columns  (tUUi)  each  situated  towards  the  extremity  of  a  projecting  wing,  and 
successively  uniting  two  by  two  to  give  rise  to  the  leaf-bundles.  If  the  leaves  of  such 
a  rhizome  were  fewer  and  not  so  regularly  spaced  it  would  produce  an  impression 
resembling  that  of  Viriebraria,  The  irregularities  shown  in  the  interspacing  of 
the  transverse  furrows  could  not»  however,  invalidate  the  reference  of  this  fossil 
genus  to  the  ferns,  some  of  which,  particularly  OUandra,  exhibit  at  the  present 
day,  still  greater  irregularities  with  regard  to  the  distribution  of  their  leaves,  which 
may  be  more  or  less  apart,  or  else  closely  packed  in  pseudo-verticils. 

It  appeared  probable  to  me,  therefore,  that  VtrUiraria  belonged  to  Glost^^ 
pterti,  but  this  was  only  a  conjecture  requiring  further  verification  if  possible.  By 
means  of  a  minute  examination  of  the  impressions  collected  by  M.  de  Launay,  I 
have  been  fortunate  enough  to  verify  this  point-  First  I  was  able  to  follow'  up  to  its 
base  a  Glcssopferis  leaf  fixed  to  a  Viriebraria,  and  to  observe  that  its  midrib  bent 
round,  so  as  to  fit  exactly  into  a  transverse  furrow  of  this  rhizome  where  it  termi- 
nated ;  their  mutual  relation  was,  however,  not  altogether  beyond  doubt,  and  there- 
fore, although  such  a  coincidence  would  seem  most  unlikely,  it  might  still  have 
been  objected  that  this  was  merely  an  accidental  juxtaposition.  At  last,  on  a 
specimen  exhibiting  a  more  distinct  transverse  folding,  which  assumed  the  appear- 
ance of  a  leaf  scar,  I  was  able  to  discover  a  group  of  bundles  starting  from  this 
anastomosis  of  longitudinal  ridges  and,  following  it  outwards,  to  discern  its  continu- 
ation into  the  midrib  of  a  Ghssophrii  leaf,  imperfectly  preserved,  but  perfectly 
recognisable. 

Veriebraria  is  therefore  nothing  but  the  rhizome  of  Glotsop/erh,  and  this  ob- 
servation at  once  solves  the  problem  of  its  interpretation  and  adds  greatly  to.  our 
knowledge  of  this  genus  of  Ferns  which  has  played  ho  important  a  part  in  the 
flora  of  one  of  the  two  great  botanical  provinces  of  the  close  of  the  palaeozoic 
era.  Somewhat  similar  in  habit  to  OUandra^  that  is  with  leaves  now  wide 
apart,  now  clustered  in  tufto,  GlouopUris  had  winged  rhizomes  very  analogous  to 
those  of  SiruthiopUris  germaniea.  As  in  the  last  mentioned  plant  these  rhizomes 
in  all  probability  gave  ofiE  stolons  provided  first  with  leaf-scales  and  producing  only 
after  a  time  normally  developed  leaves.  I  have  indeed  noticed  amongst  the 
Johannesburg  impressions,  numerous  scales,  triangular  or  oval  in  outline,  the  limb 
of  which  appears  to  have  been  rather  thick  and  coriaceous,  whose  anastomos- 
ing venation  is  sometimes  remarkably  similar  to  that  of  Ghssop/eris ;  one  of  them, 
more  completely  developed,  comes  so  near,  both  in  shape  and  dimension,  to  cer. 
tain  leaves  of  Glosiopieris  browntana,  that  its  reference  to  this  species  seems  to 
leave  no  room  for  any  doubt.  Contrary  to  what  takes  place  in  Slruihicptirii 
germaniea,  where  the  two  kinds  of  leaves,  underground  scales  and  aSrial  fronds, 
remain  absolutely  distinct,  it  would  appear  that  in  Glossopferis,who9t  stolons  were 
perhaps  epigseous,  there  was  a  gradual  passage  from  scales  to  normal  leaves. 

*  In  the  original  i  **  ces  rbisomei  etaient  fdrm^es  d'nn  aze  central  mnni  d*  an  nombre 
ftriable  d'ailes  longitodinales  s'anattomosant  denz  k  4eas  de  distance  en  distance,  Ics 
canne lores  transrersales  ca factor istiques  q'on  observe  k  leaf  surface  correspondent  pr^cisd- 
ment  k  ces  anastomoses."  As  will  be  seen  from  the  saceeeding  paper  the  stmeture  of 
the  Indian  specimens  is  not  in  sccord  with  this  description. 
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On  a  Plant  of  Glossoptcris  with  part  of  the  rhizome  attached,  and  on  the 
structure  of  Vertebraria,  by  R.  D.  OLDHAM,  Officiating  Director^ 
Geological  Survey  of  India  (with  Plates  III  to  V). 

The  interest  of  the  foregoing  paper,  as  not  only  extending  the  range  of  the  charac- 
teristically Indian  genus  Ver/ebraria,  but  also  settling  its  true  botanical  nature,  so 
long  in  doubt,  has  seemed  sufficient  to  justify  the  publication  of  a  translation  in  the 
Records  of  the  Geological  Survey*  Besides  its  purely  botanical  and  geological 
importance  it  is  of  interest  in  adding  yet  another  to  the  long  list  of  instances 
of  independent  and  simultaneous  discovery.  During  the  last  working  season  I  was 
fortunate  enough  to  find,  in  the  lower  Gondwanas  of  south  east  Rewah,  a  bed  crowded 
with  the  remains  of  Ghssopteris,  Macrofcenioptens,  Schnoneura,  etc.,  and  among 
them  a  specimen,  figured  on  PI.  Ill,  of  a  clump  of  Glossopteris  communis  fronds, 
evidently  springing  from  a  fragment  of  the  rhizome.  The  specimen  was  sufiiciently 
striking  to  attract  the  notice  of  the  labourers  I  had  employed  to  dig  out  the  bed,  but 
unfortunately  the  most  careful  search  failed  in  discovering  either  the  reverse  impies« 
sion  or  the  continuation  of  the  rhizome ;  tbe  one  specimen  figured  is  consequently 
all  the  material  available.  The  state  of  preservation  of  the  specimen  is  not  all  that 
might  be  desired,  but  it  is  sufl&cient  to  enable  the  generic  and  specific  position  of 
ihe  plant  to  be  determined  without  doubt;  the  peculiar  manner  of  association  of 
the  group  of  fronds  is  incompatible  with  any  supposition  other  than  that  they 
originally  formed  part  of  the  same  plant,  and  it  would  be  unreasonable  to  suppose 
that  the  position  of  the  fragment  of  rhizome  at  their  joint  bases  is  merely 
accidental ;  we  may  take  it  therefore  that  we  have  preserved  a  whole  plant  of 
Glossopteris  with  a  portion  of  its  root-stock.  This  is  of  itself  interesting  as  showing 
the  habit  of  growth  of  the  plant,  but  besides  this  the  small  rhizome  shows  indistinctly, 
itistiue,  but  recognisably,  the  median  ridge  and  transverse  partitions  of  Vertebraria. 
Taken  in  conjunction  with  Mr.  Zeiller's  observations  this  specimen  may,  therefore, 
be  regarded  as  establishing  the  true  nature  of  Vertebraria  as  the  rhizome  of  a  fern 
and  not,  as  is  more  often  supposed,  of  an  equisetaceous  plant.^ 

The  discovery  of  the  botanical  position  of  the  Vertebraria  naturally  revives  the 
interest  in  its  structure,  and  as  this  is  but  imperfectly  treated  in  any  of  the  descrip- 
tions 1  have  come  across,  I  have  made  a  re-examination  of  the  material  in  the  Museum 
of  the  Geological  Survey  and  offer  the  following  description  of  the  facts  disclosed 
without  any  expression  of  opinion  as  to  their  botanical  application. 

In  its  most  common  and  typical  form  Vertebraria  is  preserved  as  an  impression 
on  the  surface  of  bedding  of  shale  or  sandstone.    This  long,  and  generally  narrow, 

>  It  maj  be  of  interest  to  note  that  this  is  not  the  first  specimen  of  a  clomp  of  Cio$ioptffi$ 
fronds  wnich  has  been  found  in  India.  This  specimen  figured  by  Dr.  Peistmantel,  under  the 
name  Sag§noptetis  (P)  longifblea  (Pal.  Indica,  ser.  xii,  III,  pi.  XL  A,  fig.  i)  is  in  a  very  poor 
state  of  preservation,  but  can  be  recognised  as  a  group  of  fronds  of  GlouopUris  type,  resem- 
bling G,  communis.  One  side  only  of  the  stalk  is  preserved,  but  that  shows  distinct  signs  of 
a  transverse  articulation.  The  specimen  is  evidently  of  a  similar  nature  to  that  found  in  S. 
Rewah,  and  resembles  this  so  much  that,  with  all  deference  to  Dr.  Feistmantel's  authority,  I 
feel  constrained  to  regard  it  as  properly  belonging  to  the  genus  Glossepiirit,  and  not  to 
Saginepiirit,  to  which  he  doubtfully  assigned  it. 
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impression  is  typically  divided  down  the  centre  by  a  ridge  or  a  farrow,  and  on 
either  side  divided  by  transverse  prominences  and  grooves,  generally  arranged  alter- 
nately in  either  half,  and  in  the  most  perfectly  preserved  there  is  usually  an  elevation 
and  furrow  close  together  and  then  an  -interval  between  them  and  the  nest  pair 
Occasionally  the  divisions  on  either  side  of  the  median  axis  are  opposite  each  other, 
but  as  a  rule  they  are  not  so,  and  the  occasional  continuation  of  one  of  the  transverse 
divisions  on  the  other  side  of  the  central  axis  is  evidently  accidental.  In  another 
shape,  described  as  F.  radiata  by  Royle,^  it  appears  on  the  face  of  the  bedding  plane 
as  a  series  of  triangular  impressions  arranged  round  a  central  axis;  in  section  across 
the  bedding  plane,  it  is  seen  to  be  composed  of  number  of  close  set  layers,  and  it 
was  this  form  which  led  McCoy  to  class  VerUhraria  with  the  Manielacc^  and 
Unger*  and  de  Zigno^  to  describe  it  as  a  SphemofAyllum^  all  three  authors  looking 
on  the  fossil  as  the  remains  of  a  central  stem  with  close  set  whorls  of  leaves. 

This  description  is  irreconcilable  with  the  fact  that  the  two  forms  are  clearly 
a  different  mode  of  preservation  of  one  and  the  same  thing,  and  moreover  a  close 
examination  of  specimens  of  F.  radiata  show  the  occasional  preservation  of  an 
outer  shell  of  coaly  matter  and  of  a  similar  substance  occupying  the  intervals 
between  what  would  be  the  edges  of  the  leaves  and  connecting  one  with  the  other 
in  a  vertical  direction.  It  is  clear  in  fact  that  F.  radiata  was  a  stem  with  a  central 
axis,  connected  with  th6  outer  shell  by  radiating  longitudinal  septa,  which  again  were 
connected  by  close  set  transverse  septa  in  each  segment.  The  ordinary  form  of 
F.  indica  would  be  the  impression  of  a  similar  stem  in  which  the  septa  w^re  at 
longer  intervals  apart,  and  which  in  consequence  of  the  smaller  resistance  to 
crushing  resulting  from  this,  has  only  been  preserved  as  a  flattened  impression. 

It  would  be  quite  possible  to  explain  the  peculiar  markings  in  the  manner  in 
which  M.  Zeiller  has  done,  and  this  hypothesis  would  fit  in  with  the  occasional 
occurrence  of  two  or  even  three  longitudinal  divisions  and  of  three  or  four  bands  of 
transverse  ridges  and  depressions.  Fortunately,  however,  there  are  in  our  collection 
some  specimens  of  Vertebraria  from  the  ^urunga  field,  preserved  in  a  different 
manner,  whidi  throw  great  light  en  the  structure  of  Vertehraria.  In  these  the 
vegetable  matter  has  been  converted  into  a  dark  brown  ferruginous  substance,  round 
which  the  matrix  is  indurated  with  afeiruginons  cement.  The  rest  of  the  matrix, 
whether  sandstone  or  shale,  is  soft  and  in  many  cases  easily  cleared  away  from  the 
fossil.  The  Vertetraria  shows  up  either  as  a  transverse  section  on  the  face  of  the 
rock,  or  when  the  axis  runs  along  the  exposed  sur&ice,  as  projections,  differing 
in  appearance  from  the  more  usual  form,  but  easily  recognisable  as  the  same 
thing  preserved  in  a  somewhat  different  manner.  The  first  of  these  to  be  noticed  is 
that  represented  in  pi.  IV,  figs,  s-5,  which  I  have  succeeded  in  developing  from  a 
piece  of  sandstone,  on  which  only  the  ends  and  part  of  one  side  of  the  fragment  were 
originally  visible. 

Here  the  end  view  fig.  s,  shows  a  central  axis  and  a  series  oi  radiating  wings, 

>  Ulttstrations  of  the  Botany  and  other  Branches  of  the  Nataral  History  of  the  Himalaya 
Monntains,  Plate  II,  fig.  5,  6,  7. 

•  At^n.  Mag.  Nat.  Hist.  XX,  145  (i847)« 

*  Genera  et  species  PUntaram  Fossiliam,  1850,  p.  71. 

«  Flora  Fossilis  Formations  ooltthice,  1856,  p.  5a,    where  Ettiogshaostta  isqnotedas 
taking  the  same  view* 
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which  are  not  conoected  at  their  pater  extremities.  It  must  not,  however,  be  con- 
cladedfrom  this,  that  the  stem  was  of  a  stellate  section,  for  in  specimens  of  the  or- 
dinary sort  the  remains  of  an  outer  coating  of  carbonaceous  matter  can  sometimes  be 
found,  though  it  was  evidently  thin  and  perishable.  £ven  in  the  specimen  under 
consideration  there  are  traces  of  an  expansion  at  the  end  of  the  rays  which  must 
represent  a  part  of  the  original  rind  ;  and  in  other  specimens  of  the  same  nature, 
and  from  the  same  locality,  this  is  partly  preserved  as  shown  in  pi.  V,  fig.  4.  It  will 
be  noticed  that  the  longitudinal  septa  do  not  all  radiate  from  the  central  axis,  but 
that  in  one  case  the  septum  bifurcates  and  gives  rise  to  two  septa ;  moreover,  a 
comparison  of  figs,  s  and  3  shows  that  the  point  of  bifurcation  of  the  septum  is 
further  removed  from  the  axis  at  one  end  of  the  specimen  than  at  the  other. 

The  transverse  septa  are  well  seen  on  the  sides  of  the  specimen;  in  fig.  3 
the  broad  triangular  patch  .is  one  of  the  septa  exposed  on  the  broken  end  of  the 
specimen  and  on  the  others,  the  manner  in  which  each  longitudinal  section  is  in- 
dependently divided  by  transverse  septa  is  very  clearly  shown. 

The  two  next  specimens  to  be  described  have  both  been  fignred  before,^  but  are 
reproduced  here,  one  for  convenience,  the  other  because  the  specimen  has  been 
developed  so  as  to  show  more  than  was  originally  to  be  seen.  In  pi.  V,  fig.  3,  we  have 
three  longitudinal  ridges,  united  at  irregular  interval  by  transverse  bars,  which 
there  is  no  difficulty  in  recognising  as  a  variant  of  the  typical  form  in  which  Ver^ 
iebraria  is  preserved.  In  fig.  a  we  have  four  ridges  and  three  sets  of  transverse 
bars.  In  the  specimen,  more  clearly  than  in  the  figure,  it  is  possible  to  make  out  that 
the  longitudinal  and  transverse  ridges  represent  the  ends  of  corresponding  septa, 
while  in  the  section  made  by  obliquely  truncating  the  end  of  the  impression,  the 
septa,  corresponding  at  their  terminations  to  one  of  the  longitudinal  ridges,  can  be 
seen  radiating  from  a  central  axis. 

In  the  next  specimen  to  be  described  the  mode  of  preservation  is  somewhat 
different ;  instead  of  being  converted  into  iron  oxide  the  vegeuble  matter  has  dis- 
appeared leaving  a  cavity  in  its  place.  The  specimen  (pi.  V,  fig.  i)  shows  a  longL 
tudinal  section,  the  rock  having  broken  through  the  cavity  left  by  two  opposite 
radial  septa,  and  from  the  surface  of  the  mould  a  series  of  clefts  penetrate  verti- 
cally downwards  and  represent  the  transverse  septa.  Another  longitudinal  septum 
is  represented  by  a  cleft  penetrating  obliquely  into  the  rock,  and  the  transverse 
clefts  running  down  from  it  can  be  seen  in  close  proximity  to,  but  not  as  a  rule 
coincident  with,  those  above. 

From  these  specimens  to  the  more  usual  form  of  preservation  is  a  short  step, 
and  we  can  recognise  the  latter  as  the  impression  of  the  flattened  stem,  the 
longitudinal  divisions  representing  the  impression  either  of  the  central  axis  or  the 
ends  of  radial  septa,  and  the  transverse  ones  the  impression  of  the  transverse  septa, 
which  sometimes  occur  opposite  each  other,  but  more  commonly  are  not  coincident. 
Sometimes,  instead  of  being  merely  the  impression  of  a  crushed  stem,  the  hollow 
■paces  between  the  septa  have  become  filled  with  sand,  and  the  VerUbraria 
appears  as  a  series  of  separate  joints,  between  which  thin  partings  of  coaly  matter 
are  seen. 

In  the  rarer  forms  of  preservation  described  above  there  is  seldom  any  trace  of 
an  outer  sheath  connecting  the  ends  of  the  radial  septa,  but  in  the  more  usual 

>  Pal.  Indica,  series  zii,  lY,  PI.  IVa,  fig.  5,  9. 
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mode  of  preservation  there  is  not  nncommonlj  an  outer  ^Im  of  coalj  matter,  and 
intwolspecimensfignred  by  Dr.  PetstmanteU — the  outer  sheath  is  consptcnously 
preserved,  and  can  be  seen  to  have  been  smooth,  with  a  longitudinal  striation ; 
moreover,  the  flattening  undergone  by  the  stem  in  the  ordinary  mode  of  preser- 
vation shows  that  the  matrix  could  not  obtain  a  ready  access  to  the  intervals 
between  the  septa.  It  would  seem,  however,  that  the  outer  rind  must  have  been 
much  less  substantial  and  more  perishable  than  the  central  core  or  the  septa. 

Summing  up  the  evidence  we  find  that  Vertthraria  consisted  of  a  central  axis, 
more  or  less  well  marked,  joined  to  an  outer  rind  by  a  series  of  radial  septa,  which 
are  usually  eight  in  number  in  those  specimens  preserved  so  as  to  show  a  transverse 
section,  and  having  the  spaces  between  the  radial  septa  divided  into  chambers  by 
transverse  partitions.  The  transverse  partitions  on  either  side  of  each  radial 
septum  are  in  no  case  coincident  with  each  other,  and  there  is  an  appearance  of 
their  being  arranged  spirally  round  the  central  axis,  but  the  material  available  is 
insufficient  for  the  establishment  of  this  point.  From  the  readiness  with  which 
the  interspaces  between  the  septa  become  filled  by  the  matrix  and  the  com- 
pleteness of  their  obliteration  where  this  is  not  the  case,  it  is  probable  that  they 
were  air  chambers  and  not  filled  with  any  form  of  celular  tissue^  however  soft  and 
perishable.* 

Branching  of  these  stems  takes  place  in  two  distinct  ways.  Either  as  in  pi.  IV, 
fig.  I,  the  central  axis  itself  breaks  up  into  two  or  more  branches,  or  branches  are 
given  off  from  the  side  of  the  stem.  There  are  numerous  specimens  showing  this 
latter  and  more  common  form  of  ramification,  several  of  which  have  been  figured  by 
Dr.  Feistmantel.  It  is  not  always  possible  to  make  out  clearly  the  exact  point  at 
which  the  stem  and  branch  join,  but  in  all  those  which  I  have  examined  the  junction 
seems  to  take  place  exactly  on  one  of  the  transverse  septa  and,  as  far  as  can  be 
made  out,  at  its  junction  with  a  longitudinal  septum.  In  some  cases  the  junction 
seems  not  to  coincide  with  any  transverse  septum,  but  in  these  cases  the  appearance 
may  be  deceptive  and  has,  besides,  only  been  observed  in  thin  branches  or  rootlets^ 
which  do  not  exhibit  the  typical  Vertthraria  structure  and  may  be  functionally 
different.  On  the  whole,  however,  the  statement  above  seems  to  represent  the 
facts,  bat  certainty  will  only  be  attainable  after  the  careful  development  of  speci- 
mens well  preserved  in  the  round. 

P.  &— The  foregoing  description  had  been  written  and  set  up  in  type  for  pub- 
lication in  part  4  of  the  Vol.  XXIX  of  these  Records,  but  had  to  sund  over  to 
the  present  number  owing  to  a  delay  in  the  preparation  of  the  plates.  Meanwhile 
we  have  received,  through  the  courtesy  of  M.  Zeiller,  a  copy  of  a  more  detailed 
descriptfon'  published  by  the  Geological  Society  of  France  with  fall  illustrations 
of  the  specimens  studied  by  him.  The  description  and  diagrams  leave  no  doab^ 
of  his  interpreUtion  of  the  structure  of  Firr^/3rjna,  and  it  is  evident  that  the  in- 

>  Pal.  Indies,  series  xii.  Ill,  PI,  XIIA.  10,  XIV A.  a. 

•  It  will  l>e  noticed  that  this  deteription  agrees  with  that  of  Bunbory  (  Q.  J.  G.  S.,  XVil.  iStfi, 
p.  330),  evcept  that  he  does  not  appear  to  have  recoffaised  the  continttoas  radial  eepta,  no  specimens 
showing  a  tninsverse  section  having  been  included  in  the  collection  eiamined  by  him.  Solras  Laabach 
|n  bis  Foesn  BoUny  (English  translation,  p.  366)  has  adopted  a  description  agreeing  in  all  respects  with 
that  in  the  text  above. 

t  Etude  sur  qielques  plantes  fossilesy  en  particaHer  Vertibraria  €i  Glosiopteris^  d9§  en* 
virens  de  Johannesburg  (Transvaal)  ;  Bull.  S^e.  &4ol,  d€  Fran€4.  3rd  series,  XXIV,  349 -STS 
(1896). 
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completeness  of  the  material  ai  his  disposal  has  led  him  to  overlook  the  outer  sheath 
connecting  the  extremities  of  the  radial  septa.  The  analogies  he  sees  between 
Vertebraria  and  the  rhizome  of  Sturthiopterii  germanica  are  consequently  un- 
founded, but  the  main  fact,  the  connection  between  Vertebraria  and  Glossopteris^ 
remains  unaffected. 

M,  Zeiller  in  the  same  paper  notices^  that  Dr.  Feistmantel's  figure  of 
Sagenopteris  longifolia  referred  to  above,  seems  to  represent  a  group  of  fronds 
at  the  end  of  a  rhizome,  rather  than  a  palmate  leaf.  He  also  remarks  that 
Dr.  Feistmantel's  Sagenopteris  polyphylla  (Pal.  Indica,  ser.  xii,  III,  pi.  XLI  A, 
fig.  4)  appears  to  be  the  same  specimen  as  that  figured  by  McClelland  under  the 
name  Glossopteris  acauiis,  I  can  confirm  this  suggestion,  as  after  a  careful  exan^ina- 
tion  of  the  figures,  the  specimen,  and  the  registers  of  the  Survey  I  had  already  satisfied 
myself  that  the  specimen  described  was  the  same  in  both  cases.  This  ^specimen 
and  that  forming  fig.  3  of  the  same  plate  belong  to  the  same  species,  each  re- 
presents a  group  of  fronds  which  individually  resemble  GL  conspicua,  Feist.,  in 
shape  and  venation.  The  small  fragment  of  stem  or  stalk  preserved  in  the  specimen 
fig.  3  is  only '25  inch  long  and 'I  inch  across;  it  is  covered  with  a  layer  of  carbona- 
ceous material,  the  outer  surface  of  which  shows  a  longitudinal  striation,  but  no  trace 
of  the  characteristic  Vertebraria  structure. 

1  have  allowed  the  specific  name  GL  communis,  Fstm.,  to  stand — although  M. 
Zeiller  in  the  paper  under  notice  has  shown  that  the  characters  which  distinguish 
F.  indica,  Schimperand  V.  communis^  Fstm.,  may  be  found  in  the  same  frond — as 
it  seems  very  doubtful  how  far  the  distinctions  between  the  species  of  Glossopteris 
represent  true  specific  differences  in  the  plants  as  they  lived,  and  it  seems  conveni- 
ent to  retain  the  names  as  descriptive  of  different  types  of  venation  of  the  fronds. 


EXPLANATION  OF  PLATES. 
Plate  I. 

A  plant  of  Glossopteris  indica.  Feist.,  with  portion  of  root-stock  attached  ;  two- 
thirds  natural  size.  The  root-stock  separated,  twice  natural  size  ^  from  Reohal 
S.  Rewah,  Lat.  23^52'  Long.  8a°2a'.; 

Plate  II. 

Fig.  I,  Vertebraria  indica  showing  ramification  by  splitting  up  of  the  main  axis. 
This  specimen  shows  the  usual  mode  of  preservation  and  appearance  of  Verte- 
braria, as  well  as  the  most  common  type  of  ramification ;  Bajbai,  S.  Rewah,  Lat. 
24%'  Long.  8i°56'. 

Figs,  2-5.  Different  views  of  a  fragment  of  Vertebraria,  showing  radial  and  trans- 
verse septa ;  from  the  Aurunga  coalfield,  Sukri  river. 

*  Loc«cit.,  p.  371. 
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Plate  III. 

Fig,  /.  Cast  of  Vertehraria,  with  the  longitudinal  and  transverse  septa  represent  • 
ed  bj  cavities ;  Anranga  coalfield,  Snkri  river. 

Fig,  3.  A  specimen  showing  the  longitudinal  and  transverse  septa  standing  out 
In  relief  by  the  weathering  away  of  the  softer  matrix ;  figured  in  Pal»  Indica,  ser. 
xii,  IV,  pt.  ii,  PI.  IV  A,  fig.  5,  same  locality  as  fig.  !• 

Fig,  3.  Another,  smaller  specimen  showing  the  same  features  as  fig.  2 ;  figured 
in  Pal.  Indica,  ser.  xii,  IV,  pt.  ii,  pL  IV  A,  fig.  9 ;  same  locality  as  figs,  i  and  2. 

Fig.  4.  A  fragment  preserved  in  the  same  manner  as  pi.  II,  figs  2-5,  but  showing^ 
part  of  the  outside  rind  connecting  the  ends  of  the  radial  septa :  same  locality  as 
PI.  II,  figs.  2-5. 
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ERRATA  IN  Vol.  XXX,  Pt.  I. 

p.  46,  line  II,  ioxMarsielaceos     read  Afarsileaceoe. 
u  49>    If      3i  II    Slurihiopteris  „     Struthiopteris. 
„  49i   II    «7i  II    Plate  I  „    Plate  III. 

11  49i    u    28,  „    indica  „    communis* 

„49»    M    3I1  n   Plate  II  „    Plate  IV. 


1.  5O1 


„    28,  „    indica 

II 

„    31,  „   Plate  II 

If 

,,      I,  y,   Plate  III 

11 

Plate  V. 
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The  frequent  occurrence  of  gastropod  and  bivalve  types  of  a  later  period  was 
explained  by  Forbes  on  the  supposition  that  the  Indo-Pacific  area  was  their 
original  habitat,  from  which  they  afterwards  penetrated  into  the  European  seas. 

A.  d'Orbigny  '  who,  almost  at  the  same  time  as  Forbes,  had  studied  a  smaller 
collection  of  Pondicherri  fossils,  came  to  quite  a  diCFerent  conclusion.  He 
considered  them  to  be  of  upper  cretaceous  age  and  in  his  "Prodrdme  de 
Pal^ontologie "  ^  placed  the  whole  of  the  fauna  (also  the  species  described  by 
Forbes)  in  his  ^tage  senonien,  an  opinion   which  is  proved  at  present  to  be  the 

1  B.  Porhes:  Report  on  the  Fossil  Invertebrata  from  Southern  India  collected  by  Mr.  Kaye  and 
Mr.  Cunliffe.    Trans..  Geol.  Soc.,  London,  and  ser.,   VII,  1846,  pp.  97-174,  pi.  VII— XIX. 
s  Voyage  de  I'Astrolabe  et  de  la  U\bt.  1.  Paltentologie,  Atlas,  pL  l-V. 
*  Paris,  1S50.  Vol.  II,  p.  311  ff. 
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PART  I.  ON  THE  STRATIGRAPHY  AND  FAUNIStiC  RELA- 
TIONS  OF  THE  CRETACEOUS  OF  PONDICHERRI. 

The  cretaceous  rocks  of  Pondicherri,  long  known  in  geological  literature, 
had  shown  namerous  peculiarities  in  their  fauna,  which  were  with  such  difficulty 
brought  into  harmony  with  the  then  imperfect  knowledge  of  the  European  creta- 
ceous faunas,  that  the  three  distinguished  palaeontologists,  Edw.  Forbes,  A. 
d'Orbigny,  and  F.  Stoliczka,  who  undertook  their  study  came  to  entirely  different 
conclusions. 

Forbes,^  who  had  the  opportunity  of  working  up  the  largest  collection  of 
Pondicherri  fossils  made  at  any  time,  concluded  that  in  spite  of  the  great  number 
of  tertiary  and  recent  moUuscan  genera,  he  was  dealing  with  a  cretaceous  deposit 
corresponding  with  the  European  neocomian.  What  led  him  to  this  conclusion  was 
the  occurrence  of  a  great  number  of  ammonites,  whose  nearest  relations  he  found 
in  the  European  neocomian ;  he  even  went  so  far  as  to  identify  some  specimens 
with  species  of  the  lower  cretaceous  {Am.  juilleii.  Orb.,  Am.  rouyanus,  Orb.). 
Besides  this  the  occurrence  of  numerous  ffami/es,  which  at  that  time  were  only 
little  known  in  the  upper  cretaceous,  gave  an  older  facies  to  the  cephalopod  fauna. 
The  frequent  occurrence  of  gastropod  and  bivalve  types  of  a  later  period  was 
explained  by  Forbes  on  the  supposition  that  the  Indo-Pacific  area  was  their 
original  habitat,  from  which  they  afterwards  penetrated  into  the  European  seas. 

A.  d'Orbigny  '  who,  almost  at  the  same  time  as  Forbes,  had  studied  a  smaller 
collection  of  Pondicherri  fossils,  came  to  quite  a  different  conclusion.  He 
considered  them  to  be  of  upper  cretaceous  age  and  in  his  "Prodrdme  de 
Pal^ontologie "  ^  placed  the  whole  of  the  fauna  (also  the  species  described  by 
Forbes)  in  his  ^tage  senonien,  an  opinion   which  is  proved  at  present  to  be  the 

1  B,  Porhes:  Report  00  the  Fossil  Invertebrata  from  Southern  India  collected  by  Mr.  Kaye  and 
Mr.  Cunliffe.    Trans..  Geol.  Soc.,  London,  and  ser.,   VII,  1846,  pp.  97—174,  pi.  VII^XIX. 
'  Voyage  de  I'Astrolabe  et  de  la  Z&ibt.  1.  Paltentologie,  Atlas,  pL  I-V. 
*  Paris,  1S50.  Vol.  II,  p.  311  ff. 
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correct  one.  This  result  is  to  be  traced  to  the  circnmstaiice,  that  d'Qrbignyt 
from  his  own  observation,  knew  the  fauna  of  the  French  upper  senonian,  which 
gives  the  most  important  basis  for  the  determining  of  the  age  of  the  Indian 
specimens.  Since  no  correct  stradgraphical  account  was  then  at  their  disposal, 
Forbes  as  well  as  d'Orbigny  treated  the  Pondicherri  deposits  as  a  whole.  Such 
an  account  was  first  given  bj  H.  F.  Blanford  ^  as  a  result  of  the  geological  survey 
of  the  district,  and  the  division  made  by  him  formed  the  basis  of  Dr.  Stoliczka's  ' 
studies  on  the  Pondicherri  fossils.  Blanford  distinguished  two  fossil-bearing 
divisions  (i)  the  '^  Valudayoor  group,"  which  had  given  by  far  the  greatest  number 
of  species  described  by  Forbes,  and  was  thought  to  be  neocomian,  and  (a)  a 
later  division,  which  in  its  facies  and  fauna  represented  an  undoubted  equi- 
valent of  the  Ariyaldr  stage  of  the  Trichinopoli  district.  This  latter  deter- 
mination was  completely  confirmed  by  F.  Stoliczka ;  but  as  to  the  Valudayur  stage 
he  thought  that  he  recognised  in  its  ammonite  fauna  resemblances  to  the  Utatdr 
stage  (cenomanian)  of  the  Trichinopoli  district,'  and  consequently  placed  it,  in  this 
horizon. 

It  must  have  appeared  remarkable  that  the  fauna  of  the  lower  division  of 
Pondicherri  was  not  so  different  from  that  of  the  typical  Ariyaldr  stage  as  it  might 
have  been   supposed   to    be,  considering  the  great  accepted  difference  of   age 
between  them,  but  that  a  great  many  species  were  common  to  the  two  groups, 
as    Blanford  had  already  put  in  evidence.    This  was  the  case  with  the  cepha- 
lopoda»  but  it  was  still  more  striking  with  the  gastropods  and  bivalves.   A  series 
of  species  which  originated  in  the  characteristic  bluish  shell-sandstone  of  the  Valu- 
dayur beds  proved  to  be  undoubtedly  identical  with  known  Ariyalfir  forms,  and 
Stoliczka  came  gradually  to  the  conclusion  '*  that  the  extent  of  the  Valudayoor  group 
as  being  the  lowest  and  about  equivalent  to  the  Ootatoor  beds  must  be  accepted  very 
cautiously.    The  larger  number  from  these  Pondicherry  beds  are  rather  identical 
with  those  from  the  Arrialoor  group/'^    Stoliczka  could  not  come  to  a  complete 
solution  of  the  question  as  long  as  he  was  compelled  to  believe  in  the  identity  of  a 
larger  number  of  Valudayur  and  Utatdr  ammonites,  and  thus  the  Valudajrur  beds 
remained  a  special  division  belonging  to  the  cenomanian,  appearing  as  such  in 
the  ''Manual  of  the  Geology  of  India,  2nd  Edition"  (Calcutta,   1893,  p.  335), 
and  all  other  isolated  deposits  standing  in  near  relationship  to  the  Valudayur 
stage  were  accordingly  assigned  to  the'  cenomanian.     Some  years  ago  when  I 
began  the  examination  of  the  fossils  collected  by  Dr.  H.  Warth  in  the  Trichinopoli 
district,  I  was  likewise  occupied  with  the  question  of  the  age  of  the  Pondicherri 
beds,  and    I  undertook    a    journey    to     London   for    the  special    purpose   oi 
examining  Forbes'  original  specimens  preserved  in  the  collections  of  the  Geo- 
logical Society.      It  was  soon   seen  that  the  formerly  accepted  conformity  of  the 
Valudayur    and  Utatdr    ammonites  did   not   exist,  and    that  the  ground  upon 
which  the  identification  of  the  two  deposits  rested  was  removed,  an  opinion  which 

1  H.  F.  Blanford :  On  the  Cretaceous  and  other  Rocks  of  the  South  Aroot  and  Trichinopoly  dia* 
tricts,  Madras  :  Mem.  Geol.  Sanr.  Ind.,  IV,  1863,  p.  156  ff. 

s  F.  Stoliczka :  Cretaceous  Fauna  of  Southern  India  (4  Vols.)  Paleontologia  Indica.  Calcutta* 
1S65—1873. 

>  F.  Stolicska :  Cretaceous  Fauna  of  Southern  India,  Vol.  1.  ((/•  the  listf  pp.  i.— is.) 

«  F.  Stolkzka :  ibid^  Vol.  II,  p.  217. 
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I  published,  after  mj  retam  from  London,  in  a  paper  upon  the  zoogeographical 
character  of  the  cretaceous  of  Southern  India.^ 

In  the  winter  of  1894-959  Dr.  H.  Warth^  was  deputed  to  reexamine  the  Pondi- 
cherri  district,  in  which  his  principal  task  was  the  collection  of  fossils  for  the  exact 
stratigraphical  division  of  the  cretaceous  deposits.  This  undertaking  was  accom- 
plished by  Dr.  H.  Warth  in  an  efficient  manner,  and  he  succeeded,  in  spite  of  the 
lack  of  good  exposures  and  in  spite  of  the  exhaustion  of  the  locality,  formerly  so 
rich  in  fossils,  in  amassing  a  collection  which  permitted  a  correct  idea  of  the 
succession  of  the  fossil-bearing  horizons  being  attained. 

These  fossils  were  tiansmitted  to  Professor  W.  Waagen  by  Mr.  C.  L.  Griesbach, 
Director  of  the  Geological  Survey  of  India,  by  whom  I  was  entrusted  with  the  task 
of  working  them  out.  I  may  here  mention  that  a  similar  distinction  had  been 
conferred  upon  me  by  him  in  connection  with  the  fossils  of  the  Trichinopoli  district. 
Further,  I  am  indebted  to  Messrs.  Noetling  and  Warth,  who  selected  these  fossils 
for  despatch. 

As  the  number  of  new,  palaeontologically  important,  species  is  very  small  in  the 
whole  collection,  as  moreover  its  principal  interest  is  of  a  purely  stratigraphical 
nature,  I  consider  it  expedient  to  begin  with  the  geological  part  and  to  give  the 
palseontological  descriptions  as  an  appendix. 


1.  Thb  Stratigraphical  Divisions  op  the  Cretac&ous  op 
pondicherrl  and  their  fossil  contents. 

Dr.  H.  Warth  distinguished  during  his  researches  into  the  cretaceous  deposits 
of  the  Pondicherri  district  six  different  horizons  (A — F),  which  dip  slightly 
towards  the  east  and  are  separated  from  the  crystalline  region  to  the  west  by  a 
band  of  alluvium.  The  area  which  they  occupy  is  rather  small  (eight  miles  by 
four)  and  moreover  mostly  covered  by  arable  and  garden  land. 

The  horizon  A  (base)  does  not  come  into  consideration  in  our  stratigraphical 
researches,  as  no  fossils  are  known  in  it  except  fossil  wood  and  traces  of  worms. 
Thus  there  remain  only  the  five  other  horizons,  which  have  produced  the  whole  of 
the  Pondicherri  fauna  known  up  to  the  present  time.  It  has  been  proved,  it  is 
true,  by  the  examination  of  the  fossil  material,  that  the  several  horizons  do  not  form 
independent  palaeontological  zones*  but  that  band  B  and  C,  as  well^as  band 
D  and  £  are  connected  together.  Nevertheless  they  each  possess  special 
petrographical  characters,  which  had  to  be  the  more  carefully  investigated  by 
Dr.  Warth,  because  it  was  believed  at  that  time  that  the  Utattir  stage  (cenomanian) 
4nd  Ariyaldr  stage  (senonian)  were  represented  in  the  Pondicherri  district,  and 
thus  it  was  to  be  hoped  that  in  one  of  the  horizons  the  presence  of  the  equivalents 
of  the  Trichinopoli  stage  could  be  verified. 

Of  the  horizons  established  by  Warth,  the  two  lower   (B  and  C),  correspond 

1  F.  Koflsmat :  Ueber  die  Bedeutung  der  S.  indischen  Kreideformation,  etc.  :  Jahrb.  k.  k.  geol* 
Reichsanstalt,  Wieo,  XLIV,  1894.  Pt.  3,  p.  461 ;  translated  in  Rec.  Geol.  Sor.  Iod.«  XXVIII 
1895*  P*  4>*    (The  trainlation  of  some  pusaget  is  not  quite  correct.) 

*  Dr.  H.  Warth  t  The  Cretaceous  formation  of  Pondicherry  :  Rec-  Geol.  Surv.  Ind.,  XXVIII, 
1S95,  pp.  is-ai. 
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with  the  Valadamr  stage  of  Blanford»  the  three  upper  comprise  the  bed  which 
Blanford  and  Stoliczka  considered  as  the  equivalent  of  the  Ariyaldr  stage.  But 
as,  according  to  the  results  of  the  present  researches,  the  Valudayur  beds  also  come 
within  the  range  of  the  Ariyaldr  stage,  the  recognizable  divisions  of  the  cretaceous 
in  the  Pondicherri  district  can  only  be  designated  as  snbstages. 
I  apply  to  them  the  following  designations  ^ : — 

C. — ^Nerinea  Beds=  Horizon  F  of  Warth. 
B. — ^Trigonoarca  Beds=  Horizons  D  and  £  of  Warth. 

A. — ^Valudayur  beds,  of  Blanford   (Anisoceras  beds) = Horizons  B  and  C   of 
Warth. 


/.   Valudayur  [Anisoceras)  beds  ;  Horizons  B  and  C  of  Wart  A, 

These  beds  have  yielded  the  most  numerous  and  best  preserved  fossils,  among 
them  a  great  number  and  variety  of  ammonite  forms,  and  not  only  for  this  reason, 
but  also  on  account  of  the  still  undecided  question  of  age  they  were  the-^most  in- 
teresting  division  of  the  Pondicherri  cretaceous. 

The  characteristic  rock  of  the  Valudayur  beds  (horizon  C)  is  a  very  hard,  fine 
grained*  calcareous  shell-sandstone  of  bluish  or  brownish  colour,  which  bears 
much  resemblance  to  the  lumachelle  of  Garudamangalam  ("  Trichinopoly  mar- 
ble ").  This  rock  does  not  form  a  continuous  band,  but  only  occurs  in  concre- 
tionary masses  which  are  embedded  in  loose  sands. 

The  fossils,  mostly  small  gastropods  and  bivalves,  are  so  abundant  in  the  rock 
that  one  can  often  make  out  more  than  a  dozen  different  species  in  a  hand  specimen. 
Their  state  of  preservation  is,  as  a  rule,  excellent,  the  fossils  are  almost  throughout 
provided  with  the  shell ;  the  ammonites  generally  show  the  pearly  layer,  and  in  the 
other  molluscan  shells  there  are  veiy  often  remains  of  the  original  colour. 

It  is  natural  that  this  in  every  respect  remarkable  horizon  should  be  almost  ex- 
hausted by  the  different  collectors,  so  that  of  the  splendid  ammonites  which  formed 
the  chief  ornament  of  the  Forbes  collection  almost  nothing  now  remsuns^even 
Blanford  found  the  formerly  numerous  species  represented  by  only  a  few  speci- 
mens. It  was  therefore  of  great  importance  to  me  that  this  deficiency  in  the 
new  collections  was  made  good  by  a  comparison  with  the  collection  described  by 
Forbes. 

l*he  species  most  frequently  occurring  in  the  fauna  of  the  Valudayur  beds, 
and  found  in  almost  every  large  rock  fragment  are  the  following :  Anisoceras^ 
tp.  pKi  Baculi/is  vagina,  Forb.,  Rostellaria  palliata,  Forb.,  Turriiella  pondichtr^ 
rensis,  Forb.,  Denlalium  areo/inum,  Forb.,  Trochus  arcoUnsis,  Forb.,  Solariella 
radiatula,  Forb.,  Pholadomya  lucerna,  Forb.,  Pharella  delicatula,  Stol.,  etc. 

The  ammonite  fauna  of  the  Valudayur  beds  is  characterized  by  a  variety  and 
abundance  of  species  of  Phylloceratidce  and  Lyioceraiidct  otherwise  rarely  to  be 
met  with,  as  among  34  species  so  belong   to  these  two  groups.    Of   Lyioceras 

1  F.  Kossmat:  Unteisuchongen  iiber  die  Sudindiscbe  Kreideformation  :  Beitri|r.»  zur  Geologic 
and  PalKonto  ogie  Ocsterr.  Uni^rns  uod  des  Orients,  IX,  Heft  iii,  iv,  Wien,  1895,  p   102  (6). 
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itself  3  subgenera  are  represented,  whilst  among  the  aberrant  forms  of  this  family 
Anuoceras  and  Baculites  predominate  and  occur  in  great  abundance.  The  other 
ammonite  groups  are — with  the  exception  of  ^flrA^^/M^w— .represented  only  by 
one  or  two  species  each,     (Compare  the  general  list  of  fossils.) 

Much  less  remarkable,  faunistically  as  well  as  petrographically,  is  the  lower 
part  of  the  Valudayur  beds  (Warth's  Horizon  B),  which  consists  of  yellowish  sands 
and  light  coloured,  fossil-bearing  concretions.  All  the  fossils  collected  by  Dr. 
Warth  in  this,  as  it  would  seem  formerly  unknown  horizon,  are  identical  \vith 
species  of  the  typical  Valudayur  beds  (horizon  C),  and  the  horizons  B  and  C 
may  therefore  unhesitatingly  be  put  together  as  a  single  palaeontological  zone. 

As  the  horizon  of  the  Valudayur  beds  is  easily  recognized  by  its  petrographical 
characters,  I  made  the  attempt  vhen  investigating  the  Forbes  collection  to  collate 
the  fossils  belonging  to  those  beds.  It  was  thus  seen  that  the  species  considered 
by  Stoliczka  as  characteristic  of  the  Utattir  stage  appear  associated  with  typical 
fossils  of  the  Ariyaltir  stage,  and  1  think  it  is  not  superfluous  to  enumerate  here 
some  examples  of  the  association  of  Valudayur  species  in  the  Forbes  collection. 
I  found  the  following  species  associated  together  in  one  and  the  same  rock 
specimen  : 

(i)  Puzosia  rembday  Forb.  (large  example),  with  Anisoceras  tndicum,  Forb. 

(2)  Posteilaria  palUaia,  Forb.  (A),  Pugnellus  umaius,  Forb.  (A),  and 
Puzosia  rembdot  Forb.  (small  example),  with  BaculiUt  vagina^  Forb. 
(A). 

(3)  Anisoceras  largesulcatum,   Forb.,  with  ^.  w^/ntf,  Forb,  (A). 

(4)  Pachydiscus  crishna,  Forb.,  with  B.  vagina,  Yi^rb. 

(5)  Ficulopsis  pondichernnsis,  Forb,  (A),  mth  B.  vagina.Foxb, 

(6)  Phylloceras  surya,  Forb  ,  with  Piychoceras  sipho,  Fprb. 

•     (i)  Ammonites  {n^g^btahma^F^xb.    (A),  with  Ptychoceras    sipho,    Forb. 
,(8)  Lytocerasindra^  Forb.,  with  Cerithtum   scatanoideum,¥oib,  (A). 
(9)  Z.  mdra,  Forb.,   with  Anisoceras    subcompressum,   Forb.9  and    Rostel' 

laria  paltiata^  Forb.  (A), 
(10)    Anisoceras  indicum,  Forb.,  with  Stigmatopygus  eiatus,  Forb.  (A). 

[The  species  marked  (A)  are  fonnd  in  the  typical  Ariyaltir  stage  of  Trichinopoli.] 

The  matrix  is  invariably  the  same  ;  that  is,  a  hard,  bluish  shell-sandstone,  which 
is  filled  with  the  characteristic  small  molluscan  shells  of  the  Valudayur  beds.  All 
the  ammonites  of  the  Forbes  collection  and  a  great  number  of  gastropods  and 
bivalves  occur  in  this  horizon.  (Compare  the  general  list  of  fossils.)  Also  most 
of  the  Pondicherri  species  described  by  Stoliczka  occur,  according  to  his  notes  on 
their  matrix  (bluish  or  brownish  calcareous  sandf'tone),  m  the  same  beds.  He 
was  however  somewhat  uncertain  as  to  their  horizon.  Whilst,  it  is  true,  the 
ammonites  are  marked  *'  Valudayur  Group/'  the  gastropods  and  bivalves  of 
Ariyaldr  type,  occurring  in  the  same  matrix,  are  mostly  attributed  to  the  Ariyaldr, 
rarely  to  the  Valudayur,  stage»  a  circumstance  which  emphasizes  Stoliczka's  doubts 
as  to  the  stratigraphical  position  of  the  Valudayur  beds. 

In  the  following  special  list  of  the  fossils  represented  in  Warth's  collection»  I 
could  not  indicate  the  localities  one  beside  the  other  on  account  of  their  great 
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number  (13).    I  have  therefore  ananged  them  in  foor  colnmns  (Rantankapam, 
Totipety  Vanur,  Palicha{>alaiam),  and  marked  them  with  Greek  letters  as  follows. 

Fossils  of  the  Valudayur  (Anisoceras)  beds.     Coll.  Warth. 

a  =  Rantanknpam        •        •         •  Horizon  C 


Rauiankupam 


y  =  J  mil 
12=1  mil 

V  =  J  mil 


Tuiipii 


fi^\  mile  NW     of  Rantanknpam 
y  =  J  mile  NW      of    „  „ 

mile  NW     of    „ 

mileNNE   of     „ 
I  mile  NNW  of  Tntipet 
0  =r  i  mile  NW     of      „ 
y .  NNW  of       „ 

a  s  I  mile  N         of       ,, 
«  «■  I  mile  N  of      »»     < 

{=  N         of      „ 


C 
C 
C 
C 
C 
C 
C 
C 
C 
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Horizon  C. 

Horizon  B. 

Fossils. 

V 

--^ 

I  mile  SSE 

RauUa- 
kupam. 

Tattpet 

imileSE 
of  Vaour. 

of  Puliciia- 
palaian. 

Lyioarai  {Gauirycerat)  kayei,  F.      . 

••• 

I 

Lytoc.  {Pseudophyllitis)  tndra,  F.       . 

... 

&P 

•  •• 

X 

AntiOCirat  indicum,F. 

... 

a,  y,  8 

„         suhcomprnsum,  F.   . 

... 

^C 

n         Unuisulcaium,  F.     • 

••• 

«,« 

f,         uniulatumf  F.         • 

••• 

a 

Piychoceroi  sipho,  F.        .         .          , 

tfM 

a 

BacuUies  teres,  F 

c 

8 

„      vagina,  F.         .         .         . 

y 

«»  7,  8,  < 

X 

„      vagina,  var  otacodensisy  Stol. 

a 

«.. 

Pathydiscus  egertoni,  F.            , 

••• 

a 

»            ganesa,  F. 

... 

2 

»            cf.  gollevillemis.  Orb.     . 

••• 

a 

Detmoeeras  diphylloide,  F. 

& 

••• 

Pugnellus  uncatus,  F.       .         .         . 

c 

>.« 

Mostellaria  palliata,  F.    .         . 

i3 

i3.«.C 

Athleta  purpuriformis,  F. 

P 

«,i3.« 

Vcluiilithesradula,F.     . 

/3 

i 

„          muricata,  F. 

••■ 

i 

Lyria  granulosa,  Stol.     . 

•  •• 

i 

Gosavia  indica,  Stol.        .         , 

ff 

i 

Tnrriteila  pondicherrensis,  F. 

a 

«.  /3.  y. « 

«,       tvarthi,  Koss.     • 

... 

a,i3.a 
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Horizon  C, 

Horizon  B. 

Fossils. 

""" 

-^ 

^ 

Rautan- 
kopam. 

Tutipet 

I  mile  SE 
of  Vanur. 

1  mile  SSE 
of  Pulicha- 

Neriia  dwaricata.  Orb.     . 

y 

Euspira  pagoda^  F.           .         .         . 

c 

y.3 

„      rotundaia,  ?  Stol. 

«•. 

y 

Trochut  arcotentu^  F. 

.•• 

«.  |3,  y,  a 

Solariella  radta/uh,  F. 

.•• 

«.  A  y,  a 

Tiinoshma  cretaceum.    Orb. 

a 

Ringicula  labiosa,  F. 

« 

Trochactison  curcuh'Oy  F. 

•  a. 

a 

Bullina  cretacea^  Orb. 

••• 

«fy, ' 

»      J^ 

... 

a 

Dentalium  arcctinum,  F. 

0,    « 

«,  /3,  y,  a 

,*         crassulum,  Stol. 

..• 

a 

Corbula  parsurOf  Stol. 

«•• 

a 

„       cf.  iiriaiuloides,  F. 

.«. 

y 

A^^£?ra  muttM,  Stol. 

... 

y 

••• 

X 

Corimya  pirima^  Stol.     . 

•  *• 

a 

Ctromya  subsinuata,  F.             , 

e 

Pholadomya  lucerna,  Stol. 

••• 

0.  yia 

••• 

X 

Panopaa  orienialis^  Stol. 

/3 

•  a. 

••• 

X 

Sihqua  iimata,  Stol..         • 

••« 

y,« 

Pharelh  delicatula,  Stol.* 

■•• 

«.y.a 

•m. 

X 

Tellina  p&ndicherrensis,  F. 

•  •• 

a 

ly     forbisiana,  Koss. 

.»• 

<«./3 

Baroda  iUcUa^  Stol. 

a 

•  •• 

•  •. 

X 

Cardium  cf .  puUaium,  Stol. 

••• 

y 

Proiocardium  biseeiumi  F. 

a 

a 

Lutina  fallax^  F. 

••• 

a 

-Fi?Ww  siriatula,  F. 

••* 

y 

Axinta  subauriiulata^  Orb. 

.•* 

/3,a 

Macrodon  yapeticum^  F. 

••• 

a 

Trigonoarca  galdrina^  Orb. 

•»• 

O.Zi> 

„          abrupta,  F.   . 

y 

Modiola  polygona,  F.       •         • 

a 

a 

*  A  fine  spectmeo  found  three  quarters  of  a  mile  SE  of  Wottai,  together  with  TurriUHa  cf  • 
PandUkgrrfmist  Forb.»  Horixon  C. 
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Horizon  C. 

Horizon  B. 
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Sttgmatopygut  tlatm^  Forb.       • 
Serpulafilirormis,  Sow    . 

••• 

y,« 

a 

a 

a 

a 

/3 

X 

2.  Trigonoarca  beds  {horizons  D  and  E  of  Warth,  Arrialoor  Croup  of 

Stanford^  in  part). 

The  Trigonoarca  beds,  which  I  have  thus  named  on  acconnt  of  the  abundance  of 
Trigonaaria  galdrifia,0tb,t9LTe  easily  distinguished  from  the  nnderlying  Aniso- 
ceras  beds  hj  their  petrograpbical  stracture. 

They  consist  in  their  lower  parts  (horizon  D)  of  very  soft,  friable  sand  and  clay, 
of  yellowish  white  colour,  which  preserve  the  fossils  for  the  most  part  in  the  shape 
of  casts.  Ammonites  are  very  rare,  and  many  of  the  small  gastropod  and  bivalve 
types  which  characterize  the  Valudayur  beds  have  disappeared,  probably  because 
the  rock  is  not  favourable  for  their  preservation.  On  the  other  hand  JSautilus  is 
found  pretty  often,  whilst  among  the  bivalves  certain  genera,  especially  Ostrea 
{Exogyra,  AUctryonia)  and  Trigonoarca,  appear  in  great  numbers.  The  infilling  of 
the  fossils  is  very  often  a  dark  brown  to  black  phosphate  of  lime,  which  is  fre- 
quently also  imbedded  in  the  light  coloured  sand  in  the  shape  of  irregular 
concretions. 

Shark's  teeth  are  not  unfrequently  met  with  in  this  horison. 

The  upper  Trigonoarca  beds  (horizon  E).  which,  for  example*  are  well  deve- 
loped in  the  neighbourhood  of  Rayapudupakam,  likewise  contain  numerous  phos- 
phatic  concretions  in  a  fairly  soft  sandy  clay  matrix,  which  can  scarcely  be 
distinguished  from  that  of  the  Ariyaliir  beds  near  Otacod.  In  some  places  con- 
cretionary layers  of  hard,  fine  grained  sandstone  are  met  with  in  the  horizon  E, 
containing  numerous,  well  preserved  bivalves  (Trigonoarca  gaUrina,  Orb.)  and 
sometimes  show  sections  of  corals  {Cychlties  filamentosa^  Forb). 

The  distinction  between  Warth's  horizons  D  and  E  is  often  rather  difficult  on 
account  of  the  similarity  of  the  structure  of  the  rock  composing  them.  Further, 
one  finds  in  comparing  the  faunas  of  the  D  and  E  localities,  that  all  the  more 
abundant  and  remarkable  species  are  common  to  both,  and  that  on  the  whole  only 
three  of  the  rarer  species  of  gastropods  of  the  horizon  E  have  not  yet  been  recog- 
nized in  the  lower  beds  of  Pondicherri. 
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I  am  therefore  quite  justified  in  regarding  the  two  horizons  D  and  £  as  a 
stxatigraphical  unit.  Nevertheless  I  have  made  use  in  the  following  list  of  all  the 
localities  indicated  by  H.  Warth,  so  that  the  opportunity  is  offered  to  every  one 
to  compare  the  faunas  of  each  locality  and  to  become  convinced  of  their 
concordance. 

The  following  species  belong  to  the  more  abundant  fossils  of  tlie  Trigonoarca 
beds :  Turritella  bfeaniiana^  d'Orb.,  Nerita  divaricata,  d'Orb.,  Cyptaa  sp.  pi., 
jRos/ellaria  pallia/a,  Forb.,  Macrodon  japeticum,  Forb.,  Trigonoarca  galdrina^ 
d'Orb.,  Exogyra  os/ractna,  Lam.,  Aleciryonia  ungulaia^  Schloth.  Specimens  of 
silicified  wood,  which  had  evidently  floated  from  the  neighbouring  land,  are  also 
not  uncommon. 

The  Trigonoarca  beds  are  also  represented  in  the  Forbes  collection  by  remark** 
able  fossils,  which  are  all  imbedded  in  a  light  yellowish,  soft,  sandy  matrix. 
Among  them  are  to  be  found,  for  example,  Turriiella  breaniiana^  d'Orb.,  Cyptaa 
hayet\  Forb.,  C.  cunlifei,  Forb ,  C  newboldi,  Forb.,  Euspira  pagoda^  Forb.,  Spon-- 
dylvi  calcaralust  Forb.,  and  some  other  species. 

Stanford  collected  several  fossils  in  the  Trigonoarca  beds,  especially  in 
the  neighbourhood  of  Rayapudupakam  and  Saidarampet.  The  ammonite 
Lyiocera^  (^Pseudophyllites)  indra,  Forb.,  formerly  known  only  from  the  Valuda- 
yur  beds,  is  of  special  importance  among  the  fossils  collected  by  him  at  Rayapudu- 
pakam. Stoliczka  doubted  the  correctness  of  this  locality,  and  gave  to  the 
specimen  figured  on  pi.  LVIII,  figure  9,  only  the  locality  indicated  *'  Pondicherry." 
I  had  the  opportunity  of  examining  this  specimen  and  found  that  not  onlj  the 
soft,  yellowish,  sandy  matrix,  but  also  a  Turritella  breaniiana,  d'Orb.  (not  known 
in  the  Valudayur  beds),  attached  to  it  shows  the  correctness  of  Blanford's  locality. 

The  number  of  species  which  Stoliczka  described  from  the  Trigonoarca  beds 
(mostly  with  the  observations  **  soft,  whitish  sandstone,"  Ahyaldr  beds)  is  not  very 
large ;  the  greater  number  of  them  are  also  represented  in  Warth's  collection. 


Fossils  of  the  Trigonoarca  beds.    Coll,  Warlh. 
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J.  Nerinea  beds  {//orison  F  of  Warth,  Arrialoor  group  of 
Blanford^  in  pari) 

The  Trigonoarca  beds  are  overlaid  bj  a  jellowish,  very  calcareous,  coarse 
grained  sandstone,  which  contains  here  and  there  limestone  nodalesy  and  forms 
the  only  continuous  hard  bed  in  the  Pondicheni  cretaceoos.  Blanford  and 
Warth  mention  peculiar  cylindrical  bodies  occurring  in  it.  The  fauna  of  this  bed 
is  distinguished,  according  to  the  species  which  I  have  before  me,  {Mrincipally 
by  the  presence  of  large  specimens  of  ^erima^  Nautilms^  and  vast  numbers 
of  Foraminifera  (especially  Orbitoide$)f  filling  the  hard  matrix  of  the  greater  fossils. 

Some  species  (corals.  Teredo^  Ostrea)  occur  in  the  loose  sands  which»  accord- 
ing to  Warth's  communication,,  overlie  the  hard,  calcareous  stratum. 

The  horizon,  called  here  Nerinea  beds*  was  already  known  to  Mr.  H.  F. 
Blanford  (although  no  Nerima  seems  to  have  been  found  by  him)*  but  he  united 
it  with  some  other  f ossiliferous  beds  (called  in  this  paper  Trigonoarca  beds)  as  one 
division,  which  he  identified  with  the  Ariyaldr  stage.  The  establishment  of  the 
Nerinea  beds  as  a  separate  horizon  is  practically  the  only  difiEerence  between 
Stanford's  scheme  of  the  Pondicherri  cretaceous  and  that  adopted  in  this  pap^r. 

iVatt/i/ftf  ^jvflrtrr,  Schloth.,  iV.  j^/^n/fiittf,  Blanford,  and  iVl  J/A^rfony  which 
were  described  by  Blanford  from  Rayapudukapam  and  Saidarampet»  may  with 
certainty  be  ascribed  to  the  Nerinea  beds,  occurring  in  these  localities  above  the 
Trigonoarca  beds»  the  more  so  as  from  Saidazampet*  from  Warth's  horizon  Ff  the 
two  latter  species  are  actually  lying  before  me. 

This  uppermost  fo8sil*bearing  horiaon  is.  very  little  repres^ted  in.Forbes's 
collections ;  to  it  belong  probably  Nautilus .  spharicusy  F«  CarfsphylUa 
areotensit,  ¥.,  VLikd  Xht  fecaiiux  JVautilus  {Aturiay  delpiiuuSf  V^  which  it  not  to 
be  found  in  the  more  recent  collection. 
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Fossils  of  the  Nertnea  beds.     Coll.    Warth. 


Nauiihut  serptnfinuSt  Blanford 
M         sphmricust  Forbes     . 

M        tamulicus,  Koss. 
Nertnea  sp.  •         «         . 

Cerithium  cf.  karasurense,  Koss. 
Teredo  glomerans,  StoK  • 


Ostrea  sp.        m        • 
Cyclolitei  conoideaf  Stol. 
Turbinolia  arcoiensis,  Forbes 


Orbitaides  sp.  • 

Amphistegina  sp     ? 


Saidarampet. 

Saidarampet,  i^  mile  SSE  of  Valudayur  (Usteri 
canal).  E  of  Wottai  ? 

Saidarampet,  Kadapertkupam  ? 

li  mile  SSE  of  Valudaynr  (Usteri  canal). 

Saidarampet 

I  mile  SSE  of  Valudayur  (Usteri  canal),  h  mile 

SW  of  Tutipet,  f  mile  WSW  of  Trumbai . 
Saidarampet,  1  mile    NW  of  Trusitambalam* 
Saidarampet.  |  mile  SW  of  Tutipet. 

I  mile  SSE  of  Valudayur  (Usteri  canal),  i  mile 
NW  of  Trusitambalam. 

SSE       of     Valudayur;     Saidarampet  (Usteri 
canal). 

SSE  of  Valudayur  (Usteri  canal). 


4.  Faunistic  affinities  between  the  three  divisions  of  the  Pondicherri 

cretaceous. 

The  faunistic  isolation  of  the  Valudayur  beds,  a«  compared  with  the  upper  beds, 
is  not  80  great  as  was  formerly  assumed,  and  the  above  lists  of  fossils  show  a 
pretty  large  number  of  species  which  extend  from  Warth's  horizon  B,  to  the  h(Mizon 
£,  or,  in  other  words,  from  the  lower  Valudayur  beds  to  the  upper  Trigonoarca 
beds.  Out  of  46  species  from  the  Trigonoarca  beds  in  Warth's  collection,  18  are 
also  known  in  the  Valudayur  beds,  among  them  very  characteristic  examples,  as 
Am.  brahmat  Baculites  vagina,  Pugnellus  uncatus^  Rostellaria  palliaia, 
etc.  Am,  brahma,  which  occurs  in  the  shell  sandstone  of  the  Valudayur 
beds  associated  with  species  of  Anisoceras  and  Ptychoceras  sipho,  was  found 
in  a  rock  specimen  from  Saidarampet  with  a  phosphatized  cast  of  Macrodon  fapeti- 
cum  and  a  Turritella  breantiana.  Lytoceras  indray  of  which  Forbes  met  with 
numerous  specimens  from  the  Valudayur  beds  and  which  was  also  found  by  Warth 
in  the  horizon  B,  was  collected  by  Blanford  in  the  Trigonoarca  beds  of  Rayapudu- 
pakam.  The  most  abundant  species  of  the  latter  beds,  as,  for  example,  Trigono- 
arca galdrinay  Macrodon  japeticum^  Exogyra  ostracina,  Alectryonia  ungulata^  are 
also  not  unknown  in  the  lower  beds,  and  the  similarity  would  be  still  greater,  if 
small  gastropods  and  bivalves,  which  are  found  so  abundantly  in  the  Valudayur  beds* 
were  more  suitable  for  preservation  in  the  Trigonoarca  beds. 

But,  in  any  case  the  fact  of  greatest  importance  is  that  three  of  the  four 
ammonites  known  in  the  Trigonoarca  beds  are  identical  with  species  of  the 
Valudayur  beds.  The  fourth  is  nearly  related  to  Pachydiscus  crishna,  Forb.,  so  that 
the  animal  group,  upon  which  the  most  sharply  defined  zonal  divisions  are 
generally  based,  gives  here  no  aid  in  making  a  distinction  founded  upon  palsonto- 
logical  and  stratigraphical  grounds.  The  distinction  between  the  two  beds  above- 
named  seems  on  the  whole  to  be  traceable  to  their  different  facies*  and  it  is  there- 
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fore  not  very  probable  that  they  will  be  easily  recognized  outside  the  Pondicherri 
district. 

The  fauna  of  the  Nerinea  beds,  which  certainly  op  to  the  present  time  is  very 
little  known,  seems  to  have  a  much  more  independent  position. 


a.  Relations  between  the  Cretaceous  Deposits  of  the 
Pondicherri  and  Trichinopoli  Districts, 

/•   Relations  to  the  UtatUr  stage  {Lower  division  of  the  cretaceous 

of  Trichinopoli). 

Stoliczka  tried  to  show  that  the  ammonite  fauna  of  Pondicherri  did  not 
indicate  neocomian,  but  was  much  more  nearly  related  to  that  of  the  Utatdr 
stage,  and  even  had  a  number  of  species  in  common  with  it.  The  Valudayur 
beds  were  on  that  account  looked  upon  as  their  equivalent  division,  that  is  to  say* 
as  cenomanian.  It  is  therefore  necessary  to  examine  the  species,  on  which  this 
determination  of  the  age,  conesponding  so  little  with  the  otherwise  intimate  con- 
nection of  the  Ariyaldr  and  Valudayur  beds,  was  based.  Such  a  comparison  be- 
tween the  formerly  identified  species  of  the  Utatdr  and  Valudayur  beds  can  only 
be  very  briefly  indicated  in  the  following  statement;  for  details  I  must  point  to 
the  revision  of  the  cretaceous  fauna  of  Southern  India,  of  which  the  first  part  has 
already  appeared.*  :— 


A* — ^Valudayur  beds. 
Phylloceras  ncra,  Forb. 


Phylloceras  forbesianum^ 
d'Orb. 


B. — UtatiJr  stage. 

Phylloceras  velieda,  Mich.,  with  which  Stoliczka 
(Records,  I.,  p.  34)  identified  the  Phyll.  nera,  pos- 
sesses  more  inflated  sides,  less  complicated  sutures, 
and  shows  no  constrictions  in  the  umbilical  region 
fcf.  Kossmat :  ^Untersuchungeu  uber  die  s.  ind. 
Kreide,  p.  109). 

y/ith^Phyll.  foriesianum,  Orb.  {^rouyanum, 
Forb.,  non  d'Orb.)  was  identified  a  form  from  the 
Utatdr  stage  by  Stoliczka,  and  with  some  reservation 
by  myself  (cf.  Kossmat:  loc.  cit^  pp.  in,  158). 
Nevertheless  there  are  some  differences  which  appear 
to  be  of  specific  importance.  The  Utatdr  examples 
are  more  strongly  inflated  and  do  not  show  the 
funnel-shaped  depression  around  the  umbilicus  so 
distinctly ;  the  saddles  of  the  sutural  line  are  more 
prominent  than  in  the  Pondicherri  species,  and  the 
siphonal  lobe  is  simply  lancet-shaped,  %hilst  it  is 
greatly  indented  in  PhylLforbesianum,  My  attention 
was  drawn  to  these  differences  only  when  Mn  J.  F. 
Whiteaves  had  sent  me  from  the  Nanaimo  stage  of 

•  F.  Kossmat,  Untersuchungen  fiber  die  sttdind«:he  Kreideformation.  I  Theil :  B«trll^c  Zur 
Geologfc  ond  Mai^ntologi^  sSreich-Ungmnis  and  des  Orients.  Herauigegeben  von  Prof.  Dr.  W . 
Waagen,  IX,  Heft  iii.  iv,  Wien,  1895. 
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the  Georgia  Stnita,  BritUi  Cohmifau,  a  PkfUoctrm 
which  corresponds  veil  with  the  Valadajiir  species 
hot  is  to  be  disdngoisbed  from  the  Utatdr  species  oo 
I  Of  the  chancters  OMntioiied  of  the  ktter. 


Lfieeeroi        (Gattdryeeras)       Stoliczka's  spedmen  differs  in  the  absence  of  a 
varunot  Forb.  distinct  nmbilical  wall,  and  in  the  higcr  size  of  the 

second  lateral  saddle  {Lft.  eiumte,  Kossmal,  loc. 
cit,,p.   IS9). 


Lyi.     i^Gaadryeerat)    hayei, 
Forb. 


Zr/.  iarei.Stol.szLyi.  9eriehraimm.  Kossm^  loc. 
ciU  p.  126)  is  distingnished  bj  its  rapidlj  increasing 
whorls  and  the  completely  flattened  periphery  in  the 
middle  period  of  erowth. 


WMVAJ9  AUU   UJC  VUUipiC«ClJ! 

middle  period  of  growth. 


Lyt.     {Teiraganties) 
Forb. 


talCf 


Lyi  cala.  Stol.  {=ZJimgianmm,  Kossm.,  loc.  cit^ 
p.  136;  increases  rapidlj,  is  much  more  involute 
than  the  Pondicherri  species  and  has  an  oval  (not 
qnadiate)  cross  section. 

Hamiies  {Anisoeeras)  inii*  =s:^«.#f#Artfsi/r/j:r»si,  Stol.;  from  Odiam;  only  men- 
cum^  Forb.  tioned  but  not  figured  (Kossmat :  loc.  cit,  p.  145). 

Ham.  {Anisoceras)  subam-  The  examples  from  Odiam  are  not  flattened  on  the 
pressum,  Forb.  (An  sides,  and  are  without  constrictions  (Kossmat  : 
indicunif  StoL)  loc.  cit,  p.  145). 


Hamiiii  (Aniwceras)    nereis^ 
Forb. 


Baculites  itrth  Forb. 


An.  nereis^  Stol.,  is  distingnished  from  the  Pondi« 
cherri  species  by  its  cross  section  and  sculpture. 
The  groove  on  the  peripher>  is  not  structuniU  as  in 
the  type,  but  occurs  only  through  the  removal  of  the 
siphon,  for  the  ribs  run  uninterruptedly  over  the  peri- 
phery in  many  places  (Kossmat :  loc.  cit.,  p.  148). 

The  example  from  Odiam  is  distinguished  by  the 
possession  of  annular  swellings  and  is  very  probably 
not  a  Bacult/is,  but  a  fragment  of  a  Hamitis  {Ply- 
chocarat  ?)  (Kossmat  :  loc.  cit.,  p.  154). 


Dismocerat  diphylloide,  Forb.       Stoliczka  describes  this  species  from  Odiam,  but 

I  have  only  before  me  examples,  which  come  from 
the  white  sandstone  of  the  Ariyaldr  stage  from 
Otacod. 

Putoiia       remhiai      Forb,       Ammoniies  durga,  Stol.,  from    the  Utatdr  stage 
(synon,  P.  durga,  Forb.).     is  distinguished  by  the  difference  in  the  form  of  the 

constrictions,  by  the  absence  of  a  keel,  and  by  the 
more  complicated  suture. 
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Belemnites fibula,  Forb.  B.  fibula,   fllanford,  is  qnitc    different  from  the 

Pondicherri  species  (which  does  not  occur  in  the 
Valudayur  beds,  but  in  the  Trigonoarca.  beds)  in  the 
character  of  its  cross-section  (cf.  the  palsonto- 
logical  part  of  this  paper). 

Desmoceras  jama,  Forb.  The  large,  fine  ammonites,    which  were  identified 

b7  Stoliczka  first  with  Desmoceras  beudanti^  d'Orb., 
then  with  D,jamay  cannot  be  compared  with  this 
small,  unomamented  form,  of  which  it  cannot 
be  said  with  certainty,  whether  it  is  a  typical  Des- 
moceras  or  a  Puzosia. 

Nattca  tnunitaf  Forb.  Vamkoro  munita^  Stol.,  is  quite  distinct  from  the' 

Pondicherri  species.  In  the  latter  the  flat  hand  is 
bordered  along  the  suture  by  a  sharp  edge,  near  which 
the  sides  are  slightly  concave.  Moreover  the  mouth 
is  considerably  widened  laterally,  as  in  Gyrodes 
tendlust  Stol. 

Tellina  poniicherrensis,  Forb.       Baroda  pondicherrensis^  Stol.,  is  distinguished  by 

the  presence  of  radiating  striae  and  by  the  stronger 
concentric  sculpture. 

Protocardium  bisecium,  Forb.       The  example  figured  by  Stoliczka  from  Mongle« 

pady  appears  to  be  identical  with  the  Pondicherri 
species,  but  it  is  to  be  observed  that  the  P.  bisecium 
reaches  to  the  upper  Tngonoarca  beds,  that  is  beds 
which  undoubtedly  belong  to  the  Ariyaldr  stage. 

Tngonoarca  gamana,  Forb.         Stoliczka's  example  from  the  Utatdr  st'tge  is  very 

contracted  anteriorly,  whilst  in  Forbes's  original 
specimen  the  lower  margin  is  parallel  with  the  hinge 
line. 

There  are  other  species  besides,  which  are  said  to  occur  in  both  the  Ariyaldr 
and  UtatOr  suges  of  the  Trichinopoli  district;  for  example,  Lucina  fallax^ 
Forb.,  Solariella  radiaiulch  Forb.,  Leptomaria  indica,  Forb.  (the  identity  of  the 
specimens  from  the  Ariyaldr  stage  with  those  from  Pondicherri  is  only  certain  in 
the  case  of  the  two  last  named  species).  One  Pondicherri  species,  Axinea 
eardioidest  d'Orb.,  is  mentioned  as  occurring  in  the  upper  Trichinopoli  beds  of 
Serdamangalam,  as  well  as  in  the  Utatdr  stage.  The  ammonites  are  in  the  first 
place  the  chief  factors  in  the  solution  of  the  question,  and  it  has  been  shown  in 
the  revision,  the  results  of  which  I  have  briefly  mentioned  above,  that  of  the  twelve 
formerly  identified  species,  ten  are  certainly  different,  one  cannot  be  taken  into 
account,  as  it  has  not  been  figured  and  the  other  comes  only  from  the  Ariyaldr,  not 
from  the  Utatdr  stage. 
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Bat  what  is  of  greater  weight  than  all  this,  is  a  circnmstance  of  quite  another 
kind,  nameljt  the  complete  absence  of  all  characteristic  Utatiir  species  and  genera 
in  Pondicherri.  Although  the  ammonite  fauna  of  the  Valudajnr  beds  was  so  eitra- 
ordinarily  rich>  not  a  single  Acan/hocerat,  nor  Schloeniachia,  nor  TurHlUis,  nor 
Hamiies  of  the  group  of  H.  armatus^  Sow.,  nor  Putosia  of  the  group  of  P. 
planulaiaf  Sow.,  etc.y  were  found  in  it— all  groups  predominating  in  the  Utatdr. 
What  we  find  in  Pondicherri,  besides  Phylloceras  and  Lytoctrast  are  chiefty 
species  of  Pachydiscui  and  other  ammonite  types  of  the  uppermost  cretaceous. 

2.  Relations  to  the  Trichinopoli  stage. 

The  ammonite  fauna  of  the  Valudayur  beds  is  quite  different  ht>m  that  of  the 
Trichinopoli  stage ;  but  on  the  other  hand,  many  nearly  related,  or  even  some 
identical  species  are  found  among  the  gastropods  and  bivalves.  But  as  a  study 
of  the  list  of  fossils  shows,  these  are  almost  throughout  such  forms  as  extend 
upwards  unchanged  into  the  Ariyaldr  stage  in  the  Trichinopoli  district.  On  the 
whole  the  boundary  between  the  two  groups  is  somewhat  uncertain,  and  still 
requires  some  corrections.  Typical  species  of  the  Trichinopoli  group  are  entirely 
absent  in  the  Pondicherri  fauna,  and  this  circumstance  is  so  much  the  more  im- 
portant as,  in  consequence  of  the  great  similarity  in  the  facies  of  the  lower  Trichino- 
poli stage  and  that  of  the  Valudayur  beds,  the  fauna  is  for  the  greater  part 
composed  of  the  same  genera.  Among  the  beautiful  molluscs  of  the  bluish 
lumachelle  (shell-sandstone)  of  Garudamangalam  the  genera  Pugmllus^  Sola* 
riella,  Trochus,  Turnfella,  Euspira,  Dentalium,  Bullia,  etc.,  play  the  same  rdle 
as  in  the  Valudayur  beds,  and  even  the  species  belonging  to  these  genera  resemble 
each  other.    In  spite  of  this,  cases  of  true  identity  are  very  rare. 

3.— Comparison  between  the  Cretaceous  beds  op  Pondicherri 

AND   THE  ARIYALCr  STAGE.      (UpPER   DIVISION  OF  THE  TRICHINOPOLI 

cretaceous.) 

/.  Valudayur  (Anisoceras)  Beds. 

Four  characteristic  species  of  the  Ariyaldr  stage  are  found  in  the  ammonite 
fauna  of  this  division,  namtiyt  Pachydtscus  egertont,  A  mm.  (n.g.)  braAma^  Det- 
moaras  diphylloidet  Baculiies  vagina^  var.  utacodensts  /  in  other  respects  also  the 
two  groups  are  conspicuous  by  the  presence  of  certain  types  of  ammonites  as,  for 
instance,  certain  Pachydiscus  forms,  and  by  the  absence  of  others,  which  are 
very  important  in  the  Utatdr  and  Trichinopoli  stages.  The  ammonite  fauna  of  the 
Ariyalilr  beHs  is,  it  is  true,  not  very  varied,  and  therefore  does  not  oflFer  many 
points  of  comparison. 

The  rich  gastropod  and  bivalve  fauna  is,  as  the  general  list  shows,  almost  per- 
fectly identical  with  that  of  the  Ariyaldr  stage,  for  which  reason  Stoliczka  began  to 
doubt  the  accuracy  of  his  earlier  conception  based  on  the  ammonites.  Two 
localities.  Parcheri  and  Kalligadi,  which  lie  on  the  boundary  line  between  the 
Trichinopoli  and  Ariyaldr  stages  and  were  first  ascribed  to  the  former,  show 
such  a  striking  similarity  of  their  fauna  to  that  of  the  Valudayur  beds,  that  they 
may     be   completely   identified  with  them.     In   Parcheri    Ntcsra  mutua,  Stol., 
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Pholodomya  Mcema,  Forb.,  Siliqua  limata,  Slol.,  Pharella  delicaiula,  Stol.,  and 
Pugnellus  uncafus,  Forb.,  occur,  besides  a  few  other  species.  Still  greater  is  the 
analogy  in  Kalligadi,  which  also  seems  to  have  in  the  facies  of  its  fossils  great 
resemblance  to  the  Valudayur  beds  (Stoliczka,  Cret.  S.  India,  Vol.  II.,  p.  96),  -and 
as  well  as  these  must  belong  to  the  Ariyaldr  stage. 

Warih's  horizon  B.,  the  base  of  the  Valudayur  beds,  already  contains  a  true-. 
Ariyalur  fauna,  and  affords  a  strong  proof  of  the  accuracy  of  the  decision  come  to 
as  to  age  of  the  beds. 

2.  Trtgonoarca  beds. 

The  great  similarity  between  the  Ariyaldr  stage  and  the  Pondicherri  beds  i» 
quite  as  distinctly  recognizable  in  this  division,  whose  gastropod  and  bivalve  fauna 
is  almost  completely  identical  with  that  of  the  former.  This  similarity  is  the  more  re- 
markable, as  the  argillaceous  sands  which  characterize  the  higher  Ariyaldr  beds 
also  predominate  in  the  Trigonoarca  beds.  The  similarity  is  so  great  that  specimens 
from  Ariyaldr,  etc.,  can  often  not  be  distinguished  by  their  matrix  from  examples 
from  Pondicherri.  In  the  Trichinopoli  district  peculiar  argillaceous  beds  occur, 
full  of  numerous  sharp  casts  of  bivalves,  which,  according  to  Blanford  (Mem. 
Geol.  Surv.  India,  IV,  p.  135),  constitute  a  peculiar  feature  of  the  Ariyaldr 
stage.  According  to  the  description,  there  is  no  doubt  that  these  argillaceous 
sands  are  the  same  as  those  occurring  in  the  Trigonoarca  beds  of  Rautankupam 
and  Tutipet,  where  they  contain  numerous  casts  of  Trigonoarca  galdrina.  The 
soft  yellowish  white  sands  of  Otacod,  which  alternate  with  these  argillaceous  sands 
are  again  indistinguishable  from  the  sands  occurring  in  the  localities  of  the  Pondi- 
cherri district  mentioned  above,  where  they  are  also  in  close  relationship  with  the 
argillaceous  beds.  This  striking  similarity  of  the  facies  and  fauna  could  not 
escape  the  attention  of  Blanford  and  Stoliczka,  and  therefore  we  find  this  horizon 
always  given  as  the  equivalent  of  the  Ariyaldr  stage.  It  is  a  pity  that  the  latter 
could  not  be  so  distinctly  subdivided  in  the  Trichinopoli  district  as  the  corre- 
sponding beds  in  Pondicherri,  bat  it  seems  that  there  also  the  localities  corre- 
sponding in  their  fauna  to  the  Valudayur  beds  occur  somewhat  lower  in  the  series 
than  the  others  ;  that,  for  example,  the  beds  of  the  localities  Parcheri,  Kalligadi, 
Karapadi,  lying  at  the  base  of  the  Ariyaldr  stage,  agree  best  with  the  Valudayur 
beds,  whilst  the  stratigraphically  higher  localities  Ariyaldr  and  Otacod  are  to. 
be  correlated  with  the  Trigonoarca  beds  by  their  facies  and  in  their  fauna.  But 
as  the  faunas  of  these  two  horizons  in  the  Pondicherri  district  evidently  blend  into 
one  another,  so  also  is  this  the  case  in  the  Trichinopoli  district.  Ammonites  hrah^ 
may  Baculiies  vagina,  var  otacodensis,  and  numerous  gastropods  and  bivalves  of 
the  Valudayur  beds  occur  also  in  the  higher  beds  of  the  Ariyaldr  stage  immedi- 
ately under  the  massive  sandstone  complex  of  the  middle  zone  (Blanford,  p.  138)^ 
which  has  yielded  no  fossils  except  some  reptilian  bones. 

2-  Nerinea  beds.. 

Ammonites  are  absent  in  this  division  but,  besides  large  examples  of  Nerinea^ 
some  species  of  Nauiilus  occur,  among  the  latter  a  very  interesting  European 
formf    Nauiilux  danicus,  Schloth.     Foraminifera,  especially  Orbitoidet,  appear  in 
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▼ast  numbers  and  fill  the  matrix  of  the  larger  fosails.  Thus  the  analogj  with  the 
beds  near  Ninijor  (Trichinopoli  district),  where  N,  danicus  and  Orbitoidcs  are 
found,  and  ammonites  are  absent,  is  ai^arent. 

In  the  Trichinopoli  district,  asH.  F.  Blanford  pointed  out,  the  Niniyiirbed» 
are  distinctly  separated  from  the  f ossiliferons  strata  near  Ariyaldr  bj  the  massive 
sandstones  mentioned  above.  Almost  all  fossils  are  peculiar  to  them  and  com- 
pletely  different  from  those  of  the  typical  Ariyaldr  beds,  a  difference  which  is  so 
apparent  that  it  had  already  been  ol^erved  by  Mr.  H,  F.  Blanford  before  the  fauna 
had  been  studied  in  detail  and  looked  upon  as  a  matter  oC  great  importance.  From 
the  absence  of  ammonites  and  the  occurrence  of  Nautilus  danicus  he  concluded  that 
the  Niniyur  beds  represent  the  topmost  division  (danian)  of  the  cretaceous  system, 
a  view  which  has  proved  to  be  the  correct  one.  But  as  he  did  not  formally 
make  these  beds  a  separate  division,  the  Niniyur  fossils  have  been  dealt 
within  Stoliczka*s  Memoir  simply  as  Ariyaldr  fossils,  so  that  the  significance 
of  this  horizon  has  become  less  striking.  H.  LeveilM,  who  did  not  study 
these  beds  in  the  field,  proposed,  therefore,  to  give  them  the  name  Niniyur  stage.^ 
A  point  of  great  importance,  which  urgently  needs  explanation,  is  the  appearance 
of  large  specimens  of  Nerinea  in  the  beds  of  Niniyur  {ci,  Stol.  II.,  p.  306,  301, 
327,  221),  which  Blanford  and  StoHczka  have  repeatedly  drawn  attention  to,  and 
these  specimens  are  named  in  some  places  Nerinea  blanfordiana.  But  in  the  de* 
scription  of  this  species  only  Maravattur  and  Paruli  (Utatdr  group)  are  mentioned 
as  localities,  whilst  not  a  single  Nerinea  from  Ninijrur  has  been  described.  It 
seems  as  if  there  were  some  mistake  here,  the  more  so,  as  in  different  places  ex- 
amples of  Cypraa  in  Niniyur  have  been  expressly  mentioned,  but  these  also  do 
not  appear  in  the  description  of  the  species  of  this  family.  But  if  even  the  exam- 
ples of  Nerinea  from  Niniyur  could  be  proved  to  be  identical  with  those  of  the 
Nerinea  beds,  it  would  not  be  advisable  to  consider  the  two  horizons  as  equivalent 
without  further  investigation.  In  the  Trichinopoli  district  the  Niniyur  beds  are 
separated  from  the  true  Ariyaldr  beds  by  the  abovementioned  thick  unfossiliferous 
formation,  whilst  in  Fondicherri  the  Nerinea  beds  lie  immediately  above  the  equi« 
valent  of  the  typical  Ariyaldr  beds.  For  this  reason  it  is  quite  possible  that  they 
correspond  to  the  unfossiliferous  division.  The  fact  that  species  occur,  which  are 
also  known  in  the  lower  beds  (for  instance,  Nautilus  sphartcus.  Teredo  glomerani) 
speaks  in  favour  of  this  view,  according  to  which  the  Nerinea  beds  would  lie  on  the 
stratigraphical  boundary  between  the  Niniyur  and  Ariyaldr  beds. 

4.  Conclusions. 

From  what  has  been  said  above  it  follows  that  the  whole  of  the  cretaceous  series 
of  Fondicherri  falls  completely  within  the  Ariyaldr  stage  of  Blanford,  and  that 
with  great  probability  it  begins  with    the  same  horizon  as   the  latter  (beds  of 

1 H.  LeweUU :  G^logie  de  I'Inde  Fran9ai8e.  Bull.  Soc.  GtoL  de  Prance,  zmt  Serie,  XVIII,  1889, 
p.  144  ff. ;  cf  W.  T.  Blanford  :  On  the  papers  of  Dr.  Koasmat  and  Dr.  Kurtx,  and  on  the  ancient 
geography  of  Gondwanaland.  Rec.  Geol.  Surv.  Ind.,  XXIX,  1896,  p.  51,  referring  to  a  passage  in 
my  paper,  Jahrb.  k.k.  gaol.  Reichs  Anstalt,  1894,  where,  when  speaking  shortly  on  the  dividons  of 
the  Trichinopoli  cretaceous,  I  only  quoted  the  paper  of  Leveill^  in  connection  with,  the  Niniyur  bedk 
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Parcberi,  KalUgadi,  etc.).  From  this  remits  the  interestintr  fact  of  a  true  overlap 
of  the  Arijaldr  st^e,  for  which  also  many  other  proofs  are  forthcoming.^ 

Even  in  the  Trichinopoli  district  the  Arijraldr  stage  overlaps  the  older  strata 
and  lies,  for  example  in  Olapadi,  immediately  upon  the  Utatdr  group,  and  for  a 
considerable  extent  even  on  the  crystalline  rocks.  In  the  northern  part  of  the 
Trichinopoli  district  the  cretaceous  disappears  under  the  alhivium  of  the  Vellar 
river ;  reappears  in  the  Viroddhichallam  area— there  also  the  Ariyaltir  stage  only  is 
present— Is  then  again  invisible,  to  reappear  finally  in  the  Pondicherri  district  once 
more  In  rich  development 

This  overlap  of  the  Ariyal6r  stage  is  of  considerable  interest,  for  it  is  repeated 
in  areas  far  distant  from  India  and  seems  to  be  of  great  importance  in  the  Pacific 
area.  It  will  probably  be  found  in  the  highlands  of  Assam  (N.  £.  Bengal),  but  I 
will  not  treat  of  this  area  whose  cretaceous  fauna,  according  to  Stolicska's  opinion* 
bears  a  very  gieat  resemblance  to  that  of  Pondicherri,  as  the  fossils  belonging  to 
it  will  be  open  to  a  more  minute  research  in  the  near  future. 

III.— Thk  Agb  of  the  Pondicherri  Beds. 

On  account  of  die  recognized  similarity  of  the  Pondicherri  deposits  to  the 
Ariyaldr  stage,  the  determination  of  the  age  of  the  former,  that  is,  the  comparison 
wi4h  die  European  csetaceous  deposits  is  proportionally  an  easy  task,  in  the  fulfil- 
ment of  which  tiie  numerous  ammonites  are  of  special  use.  Of  the  latter  very  many 
are  fonndy  in  the  Vahidayiir  beds,  which  are  nearly  related  to  species  of  the 
Eqrapean  seaionian,  ^ile  two  species  appear  to  agree  exactly  with  such.  These  are : 
P^^discmt  egerhnij  Foib.,  and  Lytaceras  {Gauifycerai)  kayet,  Forb.,  from  which 
two  species  known  in  the  upper  senoi^an,  Pachydiscus  neubergicut^  Hauer, 
and  L^(p€eras  plawrhtforme^  B6hm,  can  scarcely  be  distinguished.  As  to  the 
other  apeciea,  their  Enropean  representatives  are,  as  the  list  shows,  restricted  solely 
to  the  upper  scnonian  and  belong  partly  even  to  the  typical  forms,  as,  for 
example,  BmuliUt  ancepi^  corresponding  to  Bacuhtes  vagina  ;  Hamitet  cylindraceus 
Defr.,  which  represents  the  Indian  Hamitesrugaius,  Forb.;  and  Scaphitet  consiriciut, 
Sow.»  to  the  relationship  of  which  Scaphiies  cuntifftiy  Forb.  belongs.  Of  great 
importance  for  the  determtnadon  of  the  age  of  the  beds  are  also  the  following  spe- 
cies,^ vi's^,  Sph$nodiscm  siva^  Forb.  (cf.  iS.  uhaghsi,  Gkt>ss.),  A  mm,  {n,  g,)  brahma, 
Forb.  (cf.  A.  haugt,  Seunes),  Punasia  rembda,  Forb.  (cf.  P*  /ayoh)  Gross.) 
Pseudophyllites  indfa,  Forb.  (cf.,  Pi.  i^UoH^  Gross.),  Pathydkeus  crishna,  Forb. 
(from  the  Group  of  P.  tgerimi,  or  fuubsrgkus),  etc.  (see  the  general  list). 

Among  the  geaetaand  snbgenera  in  the  ammonite  fauna  of  the  Valudayur  bed^ 
(JPhyllocerai,  Qcuddryc^rat,  Teiragoniii^  Pseud^phyllitei,  Anrsoceras,  Ptytkocerar^ 
Saculi/et,  SpAenodiseu^t  HokoducuMy  Packydsseus,  Hauerieerat,  Desmocera^ 
Scaphiiesi)  not  one-^wifth  the  possible  excsfption  of  P/ychoceras^\s  foreign  to 
the    European  senonian,  a  circumstance  wliich    sufficiently    proves,    that   the 

1  H.  F.   Blanfofd,  Cret.  of  S.  Arcot  and  Trichioopoly    Dtslricts :  Mem.  GeoL  Surv.,    India, 

IV,  Chap.  vm. 

*  F.  Stoliczka,  in  H.  B.  M)id1icott*s  Geoloxical  SksbA  of  the  ShiUong  Flataau  in  N.-B.  Beofal : 
Mam.  Geol.  Surv.,  Ind.,  VII,  pt.  I,  p.  iSa.  ff« 

*  M.  A.  de  Grofscmvie  coromuaicatad  to  me  that  he  had  met  with  a  speciei  related  to  Ttira* 
gonites  cala,  Forb.,  in  the  F^nch  senonian. 
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apparent  anomalies  in  the  cretaceous  fauna  of  Southern  India  has  been  dissipated 
since  the  corresponding  Eoropean  deposits  have  become  better  known. 

The  ammonite  fauna  of  the  Trigonoarca  beds,  consisting  of  four  forms,  shows 
the  same  relations  as  the  fauna  of  the  Valudayur  beds ;  it  has  three  species  in 
common  with  the  latter,  the  fourth,  Pachydiscus  gcllevilUnsts,  Orb.,  is  a  form 
recognized  as  occurring  with  Pachydiscus  neubergicus  in  Europe. 

Of  much  less  importance  for  the  determination  of  the  age  of  the  beds  are  the 
other  animal  groups,  which,  however,  completely  confirm  the  results  attained  by 
the  aid  of  the  ammonite  fauna.  They  have  likewise  undoubted  relationship  with 
the  European  senonian.  (For  example,  Exogyra  csiracina^  Lam.,  Alectryonia  un- 
gulata,  Schloth.,  Pholadomya  lucerna^  Forb.  (cf.  caudaia,  Rom.),  Modiola  flagelli" 
fera,  Forb.  (cf.  fiagellifera,  Zittel),  etc.) 

As  to  the  Nerinea  beds  there  is  much  less  material  at  hand  for  the  determina- 
tion of  their  age ;  but  their  stratigraphical  position,  the  complete  want  of  ammonites, 
and  the  presence  of  Nautilus  danicus  permit  of  their  being  correlated,  with  great 
probability,  with  the  European  danian. 

According  to  these  results  the  Pondicherri  beds  may  be  regarded  as  the  upper- 
most stages  of  the  cretaceous  system  :  the  Valudayur  and  the  Trigonoarca  beds 
are  equivalent  to  the  upper  senonian  (campanian,  mucronata  beds),  the  Neri- 
nea beds  to  the  zone  of  Nautilus  danicus  (danian). 

We  obtain  a  confirmation  of  these  conclusions  in  the  investigation  of  the  fauna 
of  the  Trichinopoli  district,  in  which  the  whole  of  the  upper  cretaceous  is  deve- 
loped. There  also  the  cephalopod  fauna  of  the  Ariyaldr  stage,  so  far  as  it  can  be 
compared  with  the  European,  shows  a  decided  upper  senonian  character  {Pachydip- 
cus  oiacodcnsis,  Stol.  (cf.  colliga/us,  Binkhorst),  P.  egertonianus,  Forb.  (cf.  neuber- 
gicuft  Hauer),  BaculHes  vagina^  Forb.,  var.  simplexy  Koss.  (cf.  anceps^  Lam.) 
while  in  the  upper  part  of  the  underlying  Trichinopoli  stage  occur  character- 
istic lower  senonian  species  (for  example,  Schhenbachta  {Peromceras)  dravidica^ 
Koss.  (cf.  iricarina/a,  Orb.),  Placcntieeras  tamulicumt  Blanf.  (cf.  syr/ale, 
Morton),  and  also  the  turonian  and  cenomanian  (lower  Trichinopoli  and 
Utatdr  stages)  follow  each  other  in  the  same  order  as  in  Europe.  One  is 
therefore  justified  in  adopting  the  European  divisions  of  the  upper  cretaceous 
for  these  deposits,  and  in  going  so  far  as  to  say  that  the  Ariyaldr  beds  of  the 
Trichinopo  li  and  Pondicherri  districts  are  not  only  to  be  considered  as  an 
approximate  equivalent  of  the  senonian  (Stoliczka,  Cret.  S.  India,  Vol.  IV,  p.  H.) 
but  as  representing  a  definite  part  of  it,  9is*>  the  upper  senonian, 

Seunesi  states  regarding  the  distribution  of  the  uppermost  stage  of  Jthe 
Senonian  as  follows  :— "  D'apres  I'analogie  de  la  faune  des  Ammoui/ida,  on  est 
amen6  ii  regarder  comme  sensiblement  synchronique  des  couches  k  Pachydiscus 
Jacguo/i  des  Pyr^nfcs  (MaSstrichtien) ;  le  Dordonien  de  TAquitaine ;  le  Calcaire 
ii  Baculites  du  Cotentin;  le  Tuffeau  de  Maestricht  k  Ammonites  et  k  Htmi- 
pncustei  (=partie  sup^rieure  des  couches  \  BeUmnitclla  mucronata  de  la  Belgique), 
la  partie  sup^rieure  des  couches  k  BcUmniieUa  mucronata  d'  Aix-la-Chapelle  . 
la  Craie  de  Limbourg ;  la  craie  de  Lemberg  (Galicie) ;  la  Craie  k  Pachydiscus 
gollevillensis  d'Irlande ;  la  partie  supirieure  des  couches  d  Ammonitid<e  du  groupe 

<  Contributions  k  Titudc  des  c^phalopodes  :  Mdm.  de  la  Soc.  G^I.'France.  PaI6ontologie. 
Vol.  11*,  i89i>  p.  31, 
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de  rArrialnr  de  Tlnde  anglaise  et  de  Pondich^rri.''  I  have  quoted  this  pass- 
age verhatim,  because  in  it  the  correlation  of  the  peculiar  ammonite  faunas  ol 
the  upper  campanian,  the  latest  ammonite  fauna  known  up  to  the  present  timci 
is  precisely  given*  and  the  position  of  the  Ariyaldr  stage  correctly  indicated.  But  it 
may  be  pointed  out  with  reference  to  the  latter  that  not  only  the  upper  beds  of 
the  ammonite  bearing  Ariyaltir  stage  of  AriyaWr  and  Pondicherri,  but  also  the 
iower  beds,  consequently  the  Valudayur  beds,  formerly  considered  as  ceno- 
manian,  belong  to  this  stage.  Seunes  rightly  remarks  further,  that  the  similarity 
of  the  Indian  and  European  deposits  of  this  period  is  still  more  increased  by  the 
fact  that  they  are  in  both  regions  immediately  overlaid  by  the  zone  of  Nautilut 
danicus  in  which  ammonites  are  absent. 


IV.— Indo-Pacific  Equivalents  op  the  AriyalOr  Stage 

IN   PONDICMBRRt. 

Putting  aside  the  cretaceous  deposits  of  Assam,  which,  according  to  our  present 
knowledge,  seem  to  be  nearly  identical  with  the  Pondicherri  deposits,  but  still 
require  a  more  minute  study,  there  are  within  the  area  of  the  Indo-Pacific  ocean 
the  following  cretaceous  regions,  which  may  be  brought  into  close  relationship 
with  the  Ariyaldr  stage  :  Natal,  Borneo,  Yesso,  Vancouver  Island  (and  CalL 
fomia),  Quinquina  Island  (Chili). 

In  NataU  the  upper  Trichinopoli  and  Ariyaldr  stages  are  represented  by  numerous 
fossils ;  to  the  latter  the  following  species  specially  point :  Puzosia  {Hauericeras) 
gardent\  Baily,  P.  {Bauericeras)  remdda,  Forbes.,  Lyiocerus  (Gaudryceras)  kayet 
Forbes.,  Anisoceras  tndicum,  Forbes,  Pugnellus  uncatus,  Forbes,  Solartella 
radiaittla^  Forbes.,  Pollia  pondicherriensis^  Forb.,  Turritella  breantiana,  Orb,, 
all  forms  which  frequently  occur  in  the  Ariyaldr  stage  of  the  Pondicherri  and 
Trichinopoli  districts.'  From  Madagascar,  besides  some  Ostrece  of  the  senonian 
Ariyaldr  stage*  (for  instance  AUctryonia  ungulata^  Schl.),  a  Turrilitn  nearly 
related  to  T.  iuberculaiusy  Bosc,  Baculiies  daculotdes,  Lam.,  and  an  Acanihoceras 
belonging  to  the  group  of  A.  rotomagense,  were  recently  brought  to  Europe, 
all  the  latter  indicating  cenomanian^  species. 

In  Yesso,  too,  where,  it  is  true,  no  division  of  the  cretaceous  was  attempted,  the 
Ariyaldr  stage  certainly  does  not  occur  isolated,  for  besides  numerous  species  which 
are  characteristic  of  it  (for  example,  Pusosia  gardenu  Baily,  Pachydiscus  ariyo' 
lurensis,  Stol.,  Pach.  sp,  pi.,  Anisoceras  largesulca/um,  Forbes.,  etc.,)  there  is  also 
recognized  a  series  of  forms  which  are  related  to,  or  identical  with,  those  of  the 
Trichinopoli  and  UtatiSr  stages.* 

1  C.  L.  Griesbach,  Gec^ogyot  Natal  :  Quart.  Journ.  Geol.  Soc.  Londoo,  XXVII,  1871,  p.  60  ff.| 
W.  H.  Baily,  Desaiption  of  lome  Cretaceous  fossils  from  Southern  Africa  :  ibid,,  XI,  1855, 
p.  454  ff. 

*  F.  Kossmat :  Die  Bedeutung  der  sudindischen  Kreideform&tion  :  Jahrb.  k.  k.  geol.  ReichsaB- 
■Ult»  Wien,  XUV,  1894*  Heft  3,  p.  464^5* 

■  R.  B.  Newton  :  Quart.  Journ.  Geol.  Soc.  London,  XLV,  1889,  p.  333* 

4  M.  Boule,  Notes  sur  les  fossiles  rapport^  de  Madagascar,  par  M.  E.  Gaotier  t  Bull,  du  Musioa 
d'histoire  Naturelle.   Paris.  1895.    No.  5,  p.  4* 

•  Compare  the  works  upon  Yesso,  by  M.  Yokoyama:  Palaeontographica,  XXXVI,  Stuttgart, 
1890  s  and  K.  Jimbo  :  Palaeontotogische  Abhandlungen,  Bd.  VI,  Heft  3,  Jeoa,  1894. 
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In  Borneo^  only  the  Adyaldr  aU^  (with  Nautilus  trichimopaHtemiis,  Ter^atula 
hiplicata,  Exogyra  ostracina,  ^eriuea^  etc.)  is  known  up  till  now,  but  an  overlap 
of  it  cannot  be  recognized  until  the  conditions  there  are  better  known* 

The  Ariyaldr  overlap  has  been  recently  shown  in  the  clearest  maimer  by  Stein  - 
mann  in  the  Island  of  Quinquina  (Chili),  which,  as  regards  the  occurrence  of  the 
cretaceous  deposits,  possesses  a  great  resemblance  to  Vancouver  Island.  The  cre^ 
taceous  deposits  of  these  two  islands  show  a  particulady  interesting  faunistie 
accordance  with  FondicherrL 

In  southern  Vancouver  the  Nanaimo  stage  immediately  sncceeda  the  folded 
palaeozoic  and  crystalline  rocks.    This  stage  has  typical  senonian  forms  even 
in  the  lowest  division  (Division  A  and  B,  Richardson.)  :  for  instance,  Pu%otia 
gardenu  Baily,  Pachydiicus  newberryanuey  Meek,  Hamitet  ohstrictus^  Jimbo.  (aff. 
rugatusy  Forbes.),  Baculites  occidentalism  Meek.    A  large  number  of  the  species  pass 
up  into  the  higher  horizons^  in  which  Lytocnca.  indra^  Fofbesv^  and  Lyioceras  aff* 
kayeiy  F.  (=  jukesii^  Whiteaves*)  are  found ;  these  are  species  quite  characteristic 
of  the  Valudayur  type.    I  had  the  opportunity  at  the  British  Museum  in  London  of 
studying  a  collectfon  of  ammonKe  species  from  Vancouver  which  had  not  yet  been 
worked  out,  and  I  found  among  tirem  likewise  onty  forms  which  pointed  to  a  very 
high  horizon  of  the  upper  chalk  :  Lytoceras  indra,   Porb.,  Pachydiscus  otacodeusis 
StoL.  Pack.  newherryanuSf    Meek,    Pachydiscus   sp.  nov.  aff.  twcenianus^    StaL, 
Schhenbachia  sp.  nov.,  Hamitcs  obstfictus,  Jimbo,  Hticrocerae  aff.    cooperi^  Meek, 
Baculites    occidentalism   Meek,  etc.      All  the  specimens   are  found  in    greyish 
black,  tough,  somewhat  splintery  concretions  and  are  mostly  beautifully  preserved. 
The  occurrence  of  the  two  8X)ecie8  Lytoceras  indra  and  Pachydiscus  otacodensis 
in  Vancouver  is  also  of  importknce  in  connection  with  the  Indian  conditions^  for 
it    increases  the  similarity    between  the  Ariyaldr    stage    of  Otacod'  and    the 
Taludayur  beds  of  Pondicherri.    The  fauna  of  the  Nanaimo  stage  of  Vancouver 
and  the    adjacent  Islands  was  recently    greatly  enriched  by  WHiteaves,*  and 
among  others  a  Japanese  speicies  of  Pachydicus  {Pach.    haradai,  Jimbo)  was 
recegnaed.    I  was  enabled  through  the  kindness  of  Mr.  Whiteaves  ta  study  some 
very  interesting  new  ammonites'  from  the  Straits  of  Georgia,  which  enhance  the 
similarity  between  the  Valudtynt  beds  and   the  Nanaimo  stage  considenably, 
and  I  think  myself  justified   in  coming    to  the  conclusion^  that  the  Nanaimo 
stage  (ssuppermost  Chico  bedls  of  California)  represents  an  equivalent  of  the 
AriyaltSr  stage  in  the  strict  sense  of  the  term. 

Ifi  the  Island  of  Quiriqm'na  the  cretaceous  lies  likewise  in  flat  layers  imme- 
diately upon  the  folded  and  denuded  crystalline  rocks  below.  These  (^uiri- 
quina  beds^  as  Steinmann  calls  them,' consist  chiefly  of  sandy  rocks  rich  in 
glauconite,  which  contain  numerous  remains  of  saurians  and  marine  molluscs, 
and  are  unconfcrmably  overlain  by  a  coarse  tertiary  conglomerate.  Among,  the 
molluscs  are  nine  species  of  ammonites,  four  of  which  Steinmann  has  identified 

>  K.  Mmrtin,  Die  Faona  der  Kreidefonnation  von  Martapoera  t  SaramluBgoB  dcs  geologiichea* 
RaielMmQWom  in  Leiden,  Bd.  IV,  5, 6,  iSSg^ 

>  J.  F.  Whiteavet  Ged.  and  Nat.  Hiit  Sury.  of  Canada,  MeMnoic  FoMils,  Vol.  IK  1S7Q. 

B  F.  Whiteaves,  On  Mioto  fbaals  from  tlie  Nanaimo  iftoap  of  the  Vancouver  cietaceons  :  Trans. 
Roy.Soo.  Canada^  and  scries,  I,  Seek*  w^  1895*  P-  tlQif. 

4  G.  Steinmann,  Das  Alter  und  die  Fauna  der  QuiHqninttdiichtm  in  Chili :  Neuei  Jabrbuchi. 
B«ll«<baad.X,  Stuttgnst  iSgSi 
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with  known  species  of  Valudayor  beds,  namely,  Phylhceras  surya,  Ly/oceras  kayet\ 
£.  tfarUna,  Bacuii/es  vagina.  As  far  as  one  can  Judge  from  figures,  the  simi- 
larity is  indeed  very  great,  but  I  should  like  to  draw  attention  to  one  circum- 
stance  of  importance.  In  Pondicherri,  as  well  as  in  Quinquina,  BaculiUs  vagina 
18  one  of  the  most  common  fossils,  but  the  varieties  that  are  found  in  the  two 
regions  are  not  the  same.  The  Chilian  BacuUies  vagina  is  recognizable  by  that 
fact  that  the  swellings  of  the  ribs  are  a  little  nearer  to  the  siphonal  part  of  the 
shell  than  in  the  Indian  type,  for  this  reason  the  section  appears  to  be  more  oval. 
This  peculiarity  may  be  constant,  as  I  observed  it  also  in  the  Chilian  Baculiies  of 
this  species  in 'the  British  Museum,  but  I  did  not  attach  much  value  to  it  then 
as  the  specimens  in  question  were  not  adults.  Nevertheless  the  Chilian  sped-* 
mens  deviate  less  from  the  typical  form  than  the  American  Baculiies  ocadeniaiit. 
Meek,  and  B,  chicoensisy  Gabb,  which  replace  in  Vancouver  and  California  the 
Baculiies  vagina. 

To  the  species  which  remind  one  of  forms  from  Southern  India  belong  also 
Holcodiscus  gemmaiusj  Hupp^,  and  Pachydiscm  quiriquinos^  Phill,  of  which  the 
former  is  to  be  compared  with  H.  cemilianus,  Stol.,  the  latter  with  P.  otaco- 
densis,  Stol.  Of  the  Chilian  Hamiles,  cf.  cylindraceus  Dfr.,  mentioned  in  Stein- 
mann's  work,  there  are  at  the  Geological  Institute  of  the  University  of  Vienna 
plaster  casts  which  show  a  perfect  similarity  of  sculpture  with  the  Indian  Hamiies 
ruga/us,  Forb. ;  unfortunately  the  sutures  are  unknown.  I  am  not,  therefore,  in  a 
position  to  identify  them.  Also  a  species  of  gastropod,  Pugnellus  uncatus,  Forb., 
is  common  to  this  cretoceous  horizon,  to  Southern  India,  and  to  South  Africa! 
Relationship  with  the  upper  chalk  of  New  Zealand  (with  Plesiosauria,  BaculiUs 
mneepSf  McKay)  is  indicated,  according  to  Steinmann,  but  it  is  still  too 
incompletely  examined  to  be  discussed  at  present. 

It  is  worth  while  to  emphasize  the  fact  that  the  character  of  the  cretaceous 
deposits  in  Quinquina  in  spite  of  their  great  distance  from  other  known  cretaceous 
regions,  answers  completely  to  what  one  might  expect  from  their  position  in  the 
Pacific  region,  and  thus  gives  good  proof  of  the  unity  of  this  great  geographical 
province  of  animals. 

v.— TH8  7.00GE0GRAPHICAL  CONDITIONS  OP  THE  InDO-PACIFIC  REGIOM. 
The  distribution  of  some  species  of  the  Indo-Pacific  cretaceous  province  Is 
extraordinarily  wide  and,  owing  to  their  close  connections  with  the  geogiaphical 
conditions  of  that  period,  very  interesting. 

Even  the  most  widely  separated  deposits  of  the  Indo-Pacific  province,  namely. 
Natal,  Vancouver,  and  Quinquina  show  a  striking  resemblance  to  each  other,  and  are 
Connected  not  only  by  representative  but  also  by  some  very  distinctly  identical 
species;  I  may  mention  Lytoceras  kavei  (Natal,  Pondicherri,  Vancouver  (?), 
Quinquina),  Lytoceras  indra  (Natal,»  Pondicherri,  Vancouver),  Putotia  gardeni 
(Natal.  Ariyahk,  Vancouver).  And  yet  the  shortest  line  of  connection  between 
Pondicherri  and  Quiriquina  amounts  to  about  half  the  circumference  of  the  globe 
and  consequently  the  area  of  distribution  of  many  forms  must  have  been  of  vast 
extent  and  the  most  varied  climatic  conditions  must  have  prevailed  in  it. 

Pondicherri  lies  in  about  la**  N.  Lat.,  80°  E.  Long,  from  Greenwich;  the  central 

>  In  ft  new  coHection  at  the  British  Museum  which  Mr.  G.  C.  Crick  showed  to  me. 
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Eoropeao  localities  (with  a  similar  cepbalopod  faana)  in  about  4050°  N. 
Lat^  on  both  sides  of  the  meridian  of  Greenwich ;  Vancoaver  about  49^  N.  Latr 
125^  W.  Long,  from  Greenwich;  Natal  aboat  30^  S.  Lat,  32^  £.  Long,  from  Green- 
wich ;  Qniriqnina  Island  abont  36^  S.  Lat.,  73°  W.  Long,  from  Greenwich.  Thos 
two  of  these  fannistically  allied  cretaceous  areas  belong  to  the  north  tempemte  zone, 
two  to  the  south  temperate  zone,  and  one  to  the  Uopical  zone ;  their  position  with 
reference  to  each  other  is  such  that  thej  would  fall  into  quite  different  geo- 
graphical latitudes  even  if  the  poles  occupied  at  that  time  positions  different  to  their 
present  ones. 

Therefore  the  distribution  of  the  ammonites  depends  not  so  Ihuch  upon  the 
climatic  as  upon  the  geographical  conditions. 

In  a  certain  degree  the  studj  of  the  zoogeographical  conditions  of  the  modern 
oceans  gives  similar  results  as  regards  the  wide  distribution  of  Indo-Pacific  species 
on  the  one  hand,  with  the  great  faunistic  differences  between  the  east  and  west 
coasts  of  America  on  the  other  (Fischer :  Manuel  de  Conchyliologie»  Vol.  I,  p.  15S). 

It  is  true  that  at  the  present  time  the  climatic  differences  seem  to  be  much 
greater  than  in  the  cretaceous  epoch,  so  that  the  distribution  of  species  towards 
the  north  and  south  is  in  consequence  rather  more  narrowly  restricted,  whilst  in 
the  senonian,  for  example,  the  Ariyaldr  fauna  can  be  well  recognized  not  only 
in  the  tropics,  but  also  in  the  two  temperate  zones. 

But  in  this  respect  there  is  a  great  difference  between  the  different  animal 
groups ;  the  ammonite  fauna  has  generally  a  more  universal,'  the  gastropod  and 
bivalve  fauna  a  more  local  character,  but  this  cannot  be  established  as  a  rule 
without  reservation.  There  are  also  among  the  latter  classes  of  animals  very 
widely  distributed  species  (for  example,  Exogyra  os/racina-^EuTO^,  India,  Borneo  j 
Alictryonia  ungulata — Europe,  Madagascar,  India;  Vola  quinquecosiata-^'Eaxo^^ 
Syria,  Natal,  India,  Borneo,  etc. ;  Protocardium  hiilanum.  Sow.— Europe,  Africa, 
India ;  Pugnellut  uncatus^^zXaX,  India,  Chili,  etc.),  but  these  are  proportionally  more 
rare  than  among  the  ammonites.  Moreover  in  the  latter  it  is  not  the  species  that 
have  generally  such  an  extremely  wide  distribution,  but  a  certain,  more  or  less 
defined,  series  of  representative  forms.  Nowhere  is  this  better  shown  than  in  the 
Valudayur  beds,  whose  ammonite  fauna  is  distinctly  related  to  Uiat  of  the  upper 
senonian,  and  yet  has  only  two  species  {Pachydiscut  eger/ont  ^nd  Lytoctras  kayei)^ 
with  some  probability,  in  common  therewith.  One  can  completely  agree  with 
E.  Forbes's  view  (Fossil  Invertebrata  from  Southern  India,  p.  169)  '^that  the  marine 
faunas  of  distant  localities,  under  similar  conditions  of  climate,  depth  and  sea-bot- 
torn,  maintain  their  relations  rather  by  representation  of  forms  by  similar  forms* 
than  by  identity  of  species."  The  distribution  of  the  ammonites  is  subject  to  the 
same  laws  as  that  of  all  other  marine  invertebrates,  with  the  difference  that  these 
animals,  according  to  the  special  structure  of  their  shells,  were  capable  of  a  wider 
distribution  through  the  ocean  currents,  etc.,  and  partly  also  through  free  locomo- 
tion. The  rale,  applying  also  .to  the  ammonites,  that  a  group  of  representative 
forms  (Formengruppe)  has  a  much  wider  distribution  than  a  single  species  belong- 
ing to  it  (for  instance,  the  group  of  BacuUtes  anceps^  Lam.,  a  wider  one  than 
Baculites  anceps  itself)  proves  that  these  animals  during  their  distribution  over  the 
surface  of  the  ocean  were  liable  to  specific  variations,  and  it  is  thus  impossible  that 
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Ihe  transportation  of  the  empty  shells*  of  a  group  of  ammonites  inhabiting  a 
limited  area  should  be  capable  of  explaining  the  universal  distribution  of  the  fossil 
remains  belonging  to  it. 

An  interesting  fact,  which  has  been  emphasized  by  Steinmann,*  is,  that  some 
Pacific  types  appear  in  the  European  senonian,  some  more  rarely  {Lyioceras^ 
Phylloccras,  Hatniies),  some  more  frequently  {Pachydisctn  and  Baculitcs)^  and  he 
infers  from  this  that  at  that  period  a  migration  of  part  of  the  Pacific  fauna  into  the 
Atlantic  ocean  took  place  on  a  large  scale.  Such  a  migration  appears  in  fact  to 
have  taken  place,  and  the  Indian  cretaceous  lying  between  the  Atlantic  and  Pacific 
regions  is  well  situated  to  prove  an  exchange  of  the  faunas. 

But  the  question  whether  certain  ammonite  types  came  Irom  the  Pacific  into 
the  Atlantic  or  from  the  Atlantic  into  the  Pacific,  is  not  always  easy  to  decide. 
For  instance,  certain  upper  senonian  Pdchydiscus  and  BacuUies  forms  occur  in 
the  European  as  well  as  in  the  Indo-Pacific  areas  in  an  abundance  of  rather 
similar  forms  and  Individuals,  and  the  stratigraphical  position  which  they  occupy 
(between  the  beds  with  Nautilus  danicus  and  the  beds  of  the  lower  senonian  with 
Placenticeras  and  Sckloenbachta  tricartnata)^  is  completely  analogous  in  both 
a^'eas,  so  that  their  synchronism  may  be  assumed.  For  this  reason  every 
method  of  discovering  their  habitat  fails  us.  In  many  groups  the  probability 
is  very  strong  that  it  is  the  Pacific  ocean  [for  instance,  in  certain  Lytoceras  (Gau- 
drycerai)  forms,  in  many  Puzosia  types  {HauerUerai)^  etc.,  whilst  others  originated, 
it  is  tolerably  certain,  in  the  Atlantic  area  {SphenodtscuSy  Scaphites,  Turnittes^ 
etc.)  ;  but  the  question  is  still  very  difficult  and  can  only  be  answered  satisfactorily 
in  special  cases.  Prof.  Stein mann  lays  stress  upon  the  fact,  that  the  greater  number 
of  Pacific  types  in  Europe  are  restricted  to  the  western  and  north  western  parts, 
whilst  they  are  absent  in  the  southern  and  eastern,  and  he  is  inclined  to  suppose 
that  the  immigration  took  place  from  the  Pacific  ocean  across  the  Arctic  seas 
north  of  Asia  or  America.  I  have  tried^  to  show  that  an  exchange  of  faunas 
between  the  Atlantic  and  Pacific  oceans  took  place  in  the  seas  south  of  the 
Indo-African  continent,  and  that  the  immigration  of  Pacific  types  into  Europe 
is  clearly  demonstrable  in  this  manner.  Supposing  a  circumpolar  exchange  of 
faunas,  the  most  northerly  deposits  of  upper  cretaceous  in  the  Pacific  ocean  ought 
to  contain  the  greatest  percentage  of  European  forms ;  but  this  is  not  the  case. 
The  fauna  of  Vancouver  is  of  purely  Pacific  type,  as  is  that  of  Quinquina,  without 
any  European  intruders  being  recognizable  in  it,  whilst  such  are  still  of  great 
importance  in  the  fauna  of  the  cretaceous  of  Southern  India,  which  agrees  with 
the  view  that  I  have  expressed.  It  becomes  more  and  more  evident  that  the  Atlantic 
types  decrease  with  tolerable  constancy  from  west  to  east  in  the  Indo-Pacific 
province.  This  is  especially  the  case  in  the  cenomanian  and  lower  senonian- 
The  series  of  forms  of  Schloenbachia  inflata.  Sow.,  has  its  habitat  in  the  Atlantic 
ocean  (Central  Europe,  West  Africa,  Brazil),  and  is  distinguished  there  by  a  great 
abundance  of  species  and  individuals ;  it  occurs  also  in  India,  where  it  is  likewise 
well  represented,  and  sends  forth  into  the  Pacific  only  quite  isolated,  rare  forms. 
Similarly  the  group  of  Acanthocerai  rotomagense,  Defr.,    which  has   its    chief 

1  J.  Walther :  Bionomie  des  Meeres.  Jena,  1893.  Bd.  II.,  p.  508  ff. 

>  G.  SteiomaDD :  Das  Alter  uiid  die  Fauna  der  Quiriquina  Schichten,  p.  30. 

>  F.  Kosmat :  Die  Bedeutuoff  der  Sudindischen  Kreideformation,  p.  466. 


7^  Records  of  the  Geological  Survey  of  India,         [VOL.  XXX. 

disthbntion  in  the  Atlantic  ocean  (Earope,  Brazil),  was  recently  discovered  in  Mada« 
gascar,  along  with  other  typical  Atlantic  cenomanian  forms  (TurnWes,  Baiulites 
boculoides),  is  extremely  abundant  in  India,  together  with  Turri/i/eszxkd  HamiUt^  bnt 
is  extremely  rare  in  the  cenomanian  of  the  true  Pacific  province  ( Yesso,  California)* 
whilst  Turrilitts  are  there  entirely  absent.  We  therefore  find  the  greatest 
similarity  with  Atlantic  cretaceous  deposits  not  in  the  northern  part  of  the 
Pacific,  in  the  vicinity  of  the  Polar  sea,  but  decidedly  in  its  western  part,  the  Indian 
ocean.  Species  of  Schloenbachia  of  the  group  of  Schhenbachia  tricarinata^ 
Plaetnlicifat  of  the  groap  of  PU  syrtale,  which,  during  the  period  of  the  lower 
senonian,  attained  such  a  great  development  in  the  northern  part  of  the  Atlantic 
ocean,  on  the  American  as  well  as  on  the  European  side  (deposits  of  this 
age  are  unknown  in  the  southern  Atlantic  area),  came  into  the  Indian  seas 
iSckloenbachia  soufom',  and  ScAL  ttangeri  in  Natal,  Schl,  dravidica  and  Placentxcerat 
tamuUcum  in  Trichinopoli),  but  then  disappear.  In  the  Pacific  ocean  there  is 
known  only  a  quite  isolated  Schloenbachia  of  this  group  in  California,  and  a  very 
aberrant  Phuenticeras  in  Yesso.  Similar  conditions  also  obtain  in  the  upper 
senonian.  Whilst  the  similarity  to  corresponding  deposits  in  Europe  is  not  great,  and 
recognizable  Atlantic  types  are  wanting  in  the  fauna  of  Vancouver,  Yesso  and 
Quiriquiaa,  we  find  in  the  Valudayur  beds  of  Southern  India  rather  a  large  number 
of  species  which  are  nearly  related  to  European  ones.  We  meet  with,  for  example, 
SphenodiscttSf  a  genus  which  is  elsewhere  only  known  in  the  area  of  the  Atlantic 
and  Mediterranean  cretaceous  (North  America,  Europe,  North  Africa,  Baluchistin), 
two  Scaphites  related  to  Se.  consirictus.  Sow.  (not  yet  known  in  the  typical  Pacific 
senonian),  etc.  That  in  this  way  not  only  did  Atlantic  species  migrate  into  the 
Pacific  region,  but  also  Pacific  species  into  the  Atlantic,  is  shown  by  the  occurrence 
of  typical  Pacific  forms  {Putosia  rembda,  Forb.,  Lytoceras  kayei,  Forb.,  Zy/. 
indra,  Forb.)  in  Natal ;  and  these  are  just  the  very  species  whose  related  forms 
belong  to  the  most  important  Pacific  types  in  Europe  {PuBosia/ayoii,  Gross., 
Lfioceras  planorbi/orme,  fiohm.,  L>  colloti^  Gross.) 

Whilst  on  the  one  hand  the  Indian  fauna  contains  a  mixture,  of  Pacific 
and  Atlantic  elements,  and  whilst  the  former  increase  in  the  cretaceous  areas 
lying  to  the  eastward,  the  latter  do  so  to  the  westward  (Madagascar,  Natal» 
West  Africa,  etc.),  and  an  exchange  of  faunas  in  the  way  pointed  out,  that  is. 
round  the  Indo-African  continent,  can  certainly  be  proved,  there  is  as  yet  no 
solid  ground  for  the  belief  that  a  circumpolar  exchange  of  the  faunas  was 
eflEected. 

The  occurrence  of  Baculites  on  the  Sosswa,  east  of  the  Ural  (62-5®  N.  Lat.), 
mentioned  by  Professor  Steanmann,  may  only  indicate  that  the  Central  European 
cretaceous  overlap,  which  extended  far  into  Russia,  penetrated  to  this  latitude ;  for 
Baculites  is  very  common  throughout  the  upper  cretaceous  of  Europe.  But 
the  discoveries  in  Greenland  ^  (Niacornat,  Ata,  Patoot)  show  in  their  fauna  very 
Xktfs  relationship  to  the  Fort  Pierre  and  Fox  Hills  Group  of  the  United  States  and 
thus  seem  to  oppose  the  idea  of  a  migration  of  Pacific  forms  through  the  Polar 
seas«  Nevertheless  the  possibility  is  not  excluded  that  further  research  in  the  Polar 
regions  may  furnish  evidence  that  there  also  during  cretaceous  times  the  sea  flowed, 

*  P.  de  Loriol,  Ora  foflsile  Saltvansdyr  fra  Nord-G  ronland  :  Meddelelser  om  Grooland.  Vol.  V. 
KjdbnbavD.  1883.  Part  IV. 
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ftiid  tfaeraby  the  northeni  pftits  di  tbe  Atlantic  and  PAdfie  ot^ni  ^efd  eoniieet^d 
togefther.  Bat  k  may  be  asserted  with  confidence  thstt  an  etcbange  6f  the  fanhas 
between  the  two  great  oceana  can  onl  j  be  proved  at  tlfie  presefnt  tisnie  wHh  perfect 
oertaintj  by  the  deposits  of  Natal  and  Southern  India,  and  that  th^  phenoxtienMt 
recognized  there  are  sofScient  X6  explain  the  occnxtence  of  Pacific  fyp^  lii 
Europe.  Moreover  it  becomes  more  aftd  more  ckar  that  the  £nropean  fatrtias  df 
the  tfpper  senenSan,  which  are  related  to  tho^ef  6f  the  Pacific  ocean,  aire  not  only 
restricted  to  the  northern  and  north-western  parts  of  Enrope  htti  are  also  found  in 
central  and  southern  Europe,  especially  in  the  vicinity  of  the  Atlantic  ocean.  The 
beds  of  Paehfditcus  ntuhergtcus  are  known,  for  instance,  from  the  nc^hern  slopes 
of  the  Pyrenees  (Stegsster  limestone  of  Gan,  with  numerous  ammonites,  including; 
also  Pacific  types)^  from  the  south  side  of  the  Pyrenees  and  even  from  N.  Africa 
(Tunis). 

This  brings  us  to  quite  a  peculiar  andt  unexpected  phenomenon.  In  the  same 
regions  of  the  Pyrenees,  in  which  senonian  ammonites  are  found,  whose  related 
fonns  recur  in  middle  Europe  and  southern  India,  rich  echinoderm  faunas  are  known, 
which  also,  like  the  rest  of  the  fauna,  are  for  the  greater  part  typically  Mediterranean. 
This  is  only  to  be  explained,  I  believe,  by  the  circumstance  that  some  ammonite 
types,  by  virtue  of  their  great  powers  of  distribution,  penetrated  from  the  open  ocean 
into  the  otherwise  faunistically  very  isolated  Mediterranean  region. 

Noetling's  pakeontological  researches^  have  proved  that  the  echinoderm  fauna  of 
theDunghin  stage  (Sphenodiscus  beds)  of  Baluchistan  is  very  closely  related  to  that 
of  the  Danian  of  the  Pyrenee8,and  even  possesses  some  species  in  common  with 
it,  whilst  it  is  quite  different  from  the  fauna  of  the  Ariyaldr  stage  of  Southern 
India. 

This  result  would  be  quite  in  conformity  with  the  fact  that  the  echinoderm 
fauna  of  the  Bdgh  beds  (Narbada  region)  is  in  close  connection  with  the  cenomanian 
of  the  Mediterranean  area  of  S.  Europe,-  North  Africa  and  Syria,  but  is  quite 
different  from  that  of  the  Utatdr  beds  which  are,  however/ of  the  same  age;>c  the 
conclusion  come  to  with  reference  to  tlie  geographical  distribution  of  land  and  sea 
Ib  in  both  cases  therefore  the  same,  namely,  that  a  Mediteranean  sea  stretched  from 
Southern  Europe  eastward  far  into  Asia,  without  being  connected  with  the  Indian 
Ocean •*  Unfortunately  the  proofs  deducible  from  the  echinoderm  fauna  of 
Baluchistan  are  considerably  weakened  by  the  fact  that  in  Southern  India  the 
echinoderms  ocdur  in  the  upper  senonian  Ariyaldr  beds,  whilst  in  the  overlying 
faunistically  very  sharply  separated  Niniyur  beds  (danian)  they  are  up  to  the  pre- 
sent time' wanting;  it  is  therefore  to  be  expected  that  on  accduAt  of  the  difference 
iif  age  the  ecBlnodetm  fkuna  of  the  datiian  of  Baluchistan  must  be  different  ftoA 
that  of  the  upper  senonian  Ariyaliir  stage.  It  is  true  that  the  dissimilari^  of  the 
faunarseems*  to  extend  to  the  other  animal  gfoope,' as  Dr.  Noetiing  wrote  me  on 
one  occasion'  that  the  ctttaeeond  of  Btlludiistto  hasi'  6n\f  a-  fbtr  cotfttbpolitan 
^Ileciesln  common  with  that  of  Southern  India.  An  early  publication  of  the  r^ear'che§ 
referring,  to  this  subject,  e^ecially  on  the  AmmonUidoR  (which  appear  not  to  be  rare 

I  f.  Noetlinif,  Preliminary  notice  on  the  Ediinoida  from  ttie  upper  Cretaceoos  system  of  ^iUacliH 
sti'n :  l^ec.  Geoll  Surv.  Ihd'.,    JttCVit,  1894*  P.  laj. 

*  I^.  M.  Duncan,  On  the  Echiooidaa  of^the  Crebiceotis  Strata  of  tlie  Lower  l)arl>ada  Region  1 
Quart.  Jburn.  Geol.  Soc.  London,  XLIII,  1887,  p.  154* 

>  W.  T.  BUnfords  Rec.  Geol.Surv.  Ind^,  3t>^lX.,  1S96,  p.  53*  54« 
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and  might  indicate  the  existence  of  a  lower  horizon  than  the  danian),  would  be 
very  desirable.  It  is  to  be  regretted  that  the  echinoderms  only  of  the  Narbada 
cretaceous  have  been  reliably  worked  up,  whilst  the  rest  of  the  fauna  is  known 
only  incidentally.  It  depends  in  the  first  place  on  the  exact  investigation  of  these 
two  cretaceous  areas  whether  the  view  that  the  south  Indian  ocean  was  entirely 
excluded  from  the  Mediterranean  during  the  time  of  the  upper  chalk  can  be 
definitely  affirmed.  What  is  known  up  to  the  present  time  about  the  Asiatic  upper 
cretaceous  is  decidedly  in  favour  of  this  view.^ 

VI. The  Correlation  of  widely  separated   Fossil-bearing 

Deposits. 

The  distance  of  the  Indo-Pacific  cretaceous  deposits  from  those  of  Europe 
with  which  they  are  compared  for  the  purpose  of  determining  their  age  is  so 
great  that  the  doubt  is  justifiable  whether  the  similarity  of  the  faunas  allows  us  to 
establish  an  approximately  correct  comparison  between  them  as  regards  the 
time  of  their  deposition.  Professor  Steinmann  leaves  it  an  open  question  whether 
the  Ariyaliir  overlap  occurred  during  the  period  of  the  lower  senonian  (the  time 
of  the  overlap  of  the  Gosau  formation  and  the  Aachen  deposits),  or,  as  the  fauna 
would  indicate,  during  the  upper  senonian  (loc.  cit,  p.  31).  I  think  that  b  this  case 
the  question  can  be  decided  with  tolerable  certainty  on  the  evidence  of  the  fiauna. 
I  have  already  mentioned  that  two  species  of  the  groups  of  Schloenbachia  tub- 
tricartnata,  d'Orb.,  and  of  Placenticerat  syriaU,  Mort.,  which  are  peculiar  to  the 
Atlantic  lower  senonian,  and  everywhere  very  common  in  it,  occur  in  the  upper 
Trichinopoli  stage.  It  is  therefore  impossible  that  the  upper  Trichinopoli 
stage  could  be  older  than  this  division,  as  the  two  ammonite  types  referred  to 
must  have  immigrated  from  there,  and  from  this  it  results  that  the  Ariyaldr  over- 
lap  which  begins  above  the  horizon  of  these  ammonites,  must  be  younger  than 
the  lower  senonian,  therefore  younger  than  the  Aachen  overiap. 

The  overlap  of  the  lower  senonian  appears,  according  to  present  knowledge, 
to  be  confined  to  the  Atlantic  region,  and  indeed  is  not  only  found  in  Europe 
but  also  in  the  East-coast  Slates  of  North  America  (from  New  Jersey  to  Alabama). 
There  follows  everywhere,  immediately  above  the  plant-bearing  non-marine 
cenomanian  a  marine  formation,  which  contains  quite  a  typical  lower  senonian 
fauna:  Schloenbachia  of  the  group  of  Schl  {Mortoniceras)  ieaana  R5m., 
Placenticeras  syriaU,  Morton,  PL  placenta^  Dekay,  SacultUs  asper,  Morton,  etc., 

1  It  is  known  that  Neomayr  (Gograph.  Verbreitong  der  Jurafonnation)  came  to  the 
conclusion  that  during  the  Jurassic  and  the  lower  cretaceous  India  was  connected  by  a  land 
barrier  with  South  Africa.  But  he  was  obliged  on  account  of  the  Jurassic  discoveries  in  Mom- 
bassaandMadagascar,  whose  relations  with  India  are  unmistakable,  to  transfer  this  land  connec- 
tion to  the  extreme  south,  and  through  some  recent  observations  it  has  become  doubtful  whether  such 
a  connection  ej^isted  at  all.  Pavlow  has  shown  that  an  Olcosiephanui  from  Uitenhage  beds,  studied 
bv  him  was  scarcely  to  be  distinguished  from  Oleostephanus  sehenki,  Oppel,  from  the  Spiti  shales 


men  contained 

over  the  relations  of  some  Uitenhage  fossils  to  the  lower  neocomian  of  the  Salt  Range,  which  will  be 
worked  up  by  Professor  Waagen  and  myself,  are  very  striking,  and  cannot  easily  be  explained 
otherwise  than  by  a  oceanic  connection,  whkh  probably  separated  India  and  Africa  and  connected 
the  Mediterranean  Sea  of  the  tower  cretaceous  period  with  the  Indian  Ocean. 
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and  is  evidently  eqaivalent  to  the  Fort  Pierre  group  of  Dakota,  whilst  only  in  the 
higher  beds  does  Sphenoditcus  len/tcuians,  Owen,  a  typical  form  of  the  upper 
senonian  Fox  Hills  group,  occur. 

The  overlap  of  the  European  lower  senonian  is  therefore  by  no  means  of 
merely  local  signi6cancei  though  it  is  not  observed  in  the  Pacific  ocean. 

There  is  moreover  in  Europe  besides  the  lower  senonian  overlap  also  a 
local  overlap  of  the  upper  senonian,  which,  however,  does  not  appear  to  be  of 
great  extent,  but  by  reason  of  the  faunistic  relationship  to  the  Pondicherri  creta- 
ceous is  of  great  interest :  namely,  that  of  the  Baculite  chalk  of  Cotentin,  France, 
which  reposes  immediately  upon  much  older  rocks,  and  as  already  mentioned 
(p.  70)  possesses  much  similarity  in  its  ammonite  fauna  to  the  Valudayur 
beds.  The  interest  is  increased  through  ZittelV  observations  in  the  Lybian  desert, 
where  the  zone  of  Exogyra  Gverwegiy  Buch.,  which  lies  immediately  upon  the 
plant-bearing  Nubian  sandstone,  is  placed  in  the  upper  senonian,  on  account 
of  the  general  aspect  of  its  fauna  and  of  some  identical  species,  and  is  paralleled 
with  the  so-called  lower  danian  (Baculite-limestone  of  Cotentin).  Moreover 
another  overlap  has  been  recently  pointed  out  in  Asia  and  its  age  more  nearly 
determined,  namely,  that  of  the  Cardita  beaumonti  beds  of  Baluchistan  which 
lie  immediately  upon  the  neocomian.  Their  echinoderm  fauna  poss.esses,  accord- 
ing to  Noetling,  a  purely  Mediterranean  character,  entirely  different  from  that  of  the 
cretaceous  of  Southern  India,  and  has  many  important  and  remarkable  species  in 
common  with  the  danian  of  the  Pyrenees  (horizon  above  the  Stegaster  limestones). 
Ammonites  occur  there  likewise  (S/A^if(?(/f*ww,  further  also,  according  to  Old- 
ham, BacuUus,  Crioceras  ?),  and  it  is  therefore  very  probable  that  the  overlap 
of  the  Cardita  beaumonti  beds,  which  is  also  noticeable  in  the  Salt  Range,  was 
not  very  widely  separated  in  time  from  the  Ariyaldr  overlap. 

It  is  a  truly  remarkable  phenomenon  that  the  period  of  the  upper  cretaceous 
begins  with  the  great  overlap  of  the  cenomanian,  but  that  also  during  the  lower 
senonian,  as  well  as  the  upper  senonian  and  the  danian,  the  sea  overflowed 
the  land  very  extensively  in  various  parts  of  the  earth's  surface.  The  cause  of 
this  is  of  course  for  the  present  as  inexplicable  as  is  the  negative  change  of 
relative  level,  which  characterizes  the  beginning  of  the  tertiary  era  in  so  many 
places  throughout  the  world. 

The  overlaps  are  moreover,  it  would  seem,  an  excellent  check  upon  the 
correctness  of  the  calculations  of  the  age  of  many  deposits,  and  this  is  es- 
pecially the  case  with  reference  to  the  cenomanian  and  upper  senonian.  The 
cenomanian  overlap  begins  in  Europe  and  in  Southern  India  with  the  same  zone 
(Schloenbachia  infiata.  Sow.,  Stoliczlaia  dispar,  A'  Orb.,  Hamites  arma/us,  Sow., 
etc.),  perhaps  also  in  West  Africa  (Elobi  Islands  and  Angola)  and  in  Brazil. 
As  on  the  other  hand  in  the  Mediterranean  province,  where  also  in  many  places 
the  overlapping  of  the  cenomanian  can  be  proved  (Syria,  Arabia,  Narbada,  etc.,) 
the  fauna  is  composed  chiefly  of  other  elements,  there  is  no  doubt  that  overlap 
and  the  occurrence  of  a  special  fauna  are  in  no  causal  connection  with  one  an- 
other, but  are  quite  independent  phenomena.  Supposing  this  to  be  the  case 
the  coincidence  in  time  of  the  overlap  with  the  appearance  of  a  similar  fauna 

I  K.  A.  von  Zittcl  i  BcitrSge  lur  Geologic  und  Palaontologie  dcr  libyschen  Wuste  Pateorito- 
graphica,  XXX,  1883,  pp.  89»  W- 
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ip  a  series  of  widely  sepan^ed  places  io  tha  Atlaatk  paid  the  Indian  aceans  must 
t^  a  proof  of  the  actual  syncliroDism  of  these  deposits. 

Also  in  the  upper  senonian  the  coincidence  of  the  beginning  of  the  overlap 
with  the  appearance  of  the  ^xj^Xix  fauna  in  Southern  India«  Vancouver*  and 
Quiriquina  speaks  quite  decidedly  for  the  synchronism  of  these  deposits.  That 
in  Southern  India  the  fauna  of  the  overlapping  Ariyaldr  stage  resembles  so  closely 
the  fauna  of  the  overlapping  upper  campanian  of  Cotentin  permits  the  con- 
closion  that  these  phenomenal  too«  are  synchronous,  and  thus  the  succession  of 
tbe  overlaps  might  afford  a  very  reliable  guarantee  of  the  coirectnesa  of  the 
determination  arrived  at  as  to  their  age  founded  upon  the   fauna. 

There  is,  however,  another  means  of  proving  in  some  cases  whether  widely  sepa- 
rated, fauni6ti(:ally  equivalent  deposits  may  be  called  merely  homotaxial  or  truly 
synchronous.  An  example  may  explain  this.  Suppose  that  a  place  in  the 
Atlantic  province  (A)  has  a  fauna  consisting  of  the  native  species  0^9  a^,  a,,  ...-. 
with  which  the  Pacific  species  /,  may  be  associated  ;*  a  place  in  the  Pacific  Ocean 
P,  on  the  other  hand  contain,  besides  the  native  fauna  consisting  of  the  species 

Pi^Pm^Pt ^^  migrated  species  a^\  thus  the  two  species  Os  s^d  P%  would 

be  common  to  both  regions.  If  the  migration  occupied  a  geologically  measurable 
time,  }jL  follows  that  if  in  the  region  A  the  forms  tfg  and/s  lie  in  the  same  zone,  p^ 
must  have  eniigrated  from  a  somewhat  lower  bed  of  the  province  P,  whilst  the 
species  a^  on  account  of  the  time  necessary  far  the  migration  from  A  to  P,  can 
only  appear  i^  the  (alter  place  in  a  somewhat  higher  horizon,  that  is :  the  two 
elementsof  the  fauna  originating  in  different  regions  can  only  be  associated  in 
one  of  the  two  regions,  in  the  other  they  must  be  separated.  But  if  this  is  not 
^  case,  we  must  conclude  that  the  lapse  of  time  necessary  for  the  tnigration  must 
have  been  short,  compared  with  the  duration  of  a  palaeontological  zone.  The  rule 
Va  simple  enough ;  but  the  collection  of  the  material  necessary  for  proof  in  a  special 
case  is  very  difi&cult.  Almost  only  such  regions  as  lie  in  two  widely  separated, 
buaistically  independent  ocean  regions,  connected  together  by  a  few  spedes,  can 
be  suitable  as  a  starting  point.  Within  one  and  the  s^me  ocean  province,  however 
large  it  may  bOt  the  more  circumscribed  habitat  of  certain  groups  of  species 
can  scarcely  be  determined.  A  comparison  of  the  Indo-Pacific  with  the  Atlantic 
cretaceous  appears  to  me  to  afford  some  data  which  permit  us  to  approach  this 
question,  but  I  should  like  to  point  out  that  in  such  a  difficult  subject  where  the 
determination  of  the  habitat  of  certain  animal  groups  forms  the  starting  point  of 
the  conclusions  to  be  arrived  at,  one  must  go  to  work  with  the  greatest  caution^ 
and  in  the  present  state  of  knowledge  one  must  be  satisfied  with  conclusions  based 
Qn  probability. 

Two  new  peculiar  amooionite  types  begin  to  appear  in  the  Valudayur  beds : 
PsiudophyUUes  i>i4r<2,  Forb.,  and  A  mm,  drahma,  Forb.,  both  of  typicaUy  Padr 
fie  chazacter.  The  ss^e  series  of  forms  are  also  represented  in  the  upper 
campanian  of  Euiiope  by  some  nu»  specimens  {Pseudophyllitet  colloiu  Grossouvre» 
Ammontiis  haugi^  Seunes);  in  the  same  beds  appear  also  Gaudryceras 
planorbiforme^  Bobm^  doubtless  a  Pacific  species,  which  I  cannot  distinguish  from 
Gaudryceras  hayei^  Forb.  But  on  the  other  han.d  the  decidedly  Atlantic  forms 
Scaphites  (consfn'c/us.  Sow),  and  Sphenodiscus  {uhaghsu  Gross.),  occur  in  the  same 
*  Noetliog :  Records  Gcol.  Sunr.  India,  1894.  XXVII,  p.  134  et  ieq» 
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horizon  inEurope;  the  origin  of  the  groop  of  Pachiuems  miuhergiau,  Haner,  is 
not  certain,  bnt  I  shonld  be  mclined  to  consider  it  in  Uie  fint  place  as  a  pecoliar 
European  gronp,  as  it  seems  not  to  be  represented  in  the  Pacific  depoats  of 
Vancouver  and  Quinquina.  Bnt  of  the  groups  moitioned  Sphenodiscw  ttva, 
Scaphitei  cunliffti,  and  Pachydiscus  egiriomU  Forbes  (scarcely  distinguishable  from 
P.  neubergicus  Haner),  are  met  with  in  the  Valudayur  beds.  In  the  Trigonoarca 
beds  Pachydiscus  golUvilUnsis.  Orb.,  a  form  of  the  group  of  P.  neuiergicus 
which  is  of  European  origin,  occun,  together  wiih  the  Pacific  type  PsntdophyL 
Hies,  also  appearing  in  the  same  horisim  in  Europe.  It  is  also  of  importance 
that  the  bivalves  originating  from  the  Atlantic  region  {Gryphaa  vesicularis.  Lam., 
Exogyra  oUracina,  Lam.  AUcirypma  umgulaia,  Scbloth.,  Jnoceramus  cripsi,  Hani.) 
which  in  their  habitat  everywhere  characterize  the  upper  senonian,  penetrate  also 
into  the  Ariyaldr  group  of  the  Indian  ocean.  Thus  there  are  elements  of 
Atlantic  and  l^cific  faunas  associated  with  each  other,  in  the  upper  senonian  of 
Europe  and  in  the  Valudayur  and  Ariyaldr  beds  of  Southern  India,  and  their 
distribution  on  both  sides  must  have  occufMed  mudi  less  time  than  the  duration  of 
this  stratigraphical  division  required. 

In  the  upper  Trichinopoli  beds  of  Varagur  (Trichinopoli)  Placet^xceras 
iamulicum,  Blanf.,  belonging  to  the  Atlantic  series  of  forms  of  Plae.  syrtaU,  Mort., 
and  the  ceruinly  Pacific  Gaudryctras  visragurense^  Kossm.,  appear  associated 
together.  In  a  similar  way  Gaudryceras  miu,  Hauer  (not  easily  distinguishable 
from  G.  varagurenu)t  and  Plac.  syrtalt,  are  connected  together  in  the  santonian  of 
Europe. 

Unfortunately  we  have,  owing  to  the  great  distances,  in  the  majority  of  pases, 
to  deal  not  with  identical  but  allied  species,  which  must  therefore  be  treated  with 
great  caution ;  in  some  cases,  however,  well  defined  groups  of  forms  are  in  question 
which  have  only  a  certain  small  vertical  distribution  and  therefore  admit  of  toler- 
ably certain  conclusions  about  them. 

An  exact  stiatigmphy  of  exotic  deporits,  as  well  <s  a  thorough  investigation  of 
their  fauna  might  certainly  supply  much  material  for  interesting  observations* 
For  the  present,  however,  it  may  be  sufficient  to  say  that  the  phenomena  accom* 
panying  the  overlap,  as  also  the  study  of  the  place  of  ori^  of  certain  series 
of  forms  and  species,  lead  to  the  same  results,  namely,  that  the  geographical 
distribution  of  a  fauna  does  not  necessitate  any  geologically  measurable  time,  and 
that  on  the  ground  of  the  palaeontological  characters  (in  the  first  place  of  the  am- 
monite faunas),  one  can  obtain  even  in  widely  separated  deposits  a  relatively  exact 
determination  of  their  age. 

Conclusions. 

\.  The  Deposits  of  Fondicherri  fall  into  three  palaeontologically  separate  divi- 
sions :  (i)  Valudayur  beds  (Anisoceras  beds),  (a)  Trigonoarca  beds,  (3)  Neri- 
nea  beds. 

s.  The  Valudayur  and  Trigonoarca  beds  together  correspond  with  the  lower 
fossiliferous  Ariyaldr  group  of  Blanford  (Ariyaldr  ^group  proper) ;  the  Nerinea 
beds  show  on  the  one  hand  a  similarity  to  this  division,  on  the  other  to  the  upper- 
most beds  of  the  Ariyaldr  stage  (Niniynr  beds)  and  are  probably  an  equivalent 
of  the  unfossiliferous  sands  which  separate  the  two  fossiliferous  groups  of  beds 
in  U^e  Trichinopoli  district. 
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The  middle  and  lower  divisions  of  the  S.  Indian  cretaceous  (  Trichinopoli  and 
Utatnr  stages)  are  not  represented  in  the  Pondicherri  area. 

3.  The  fauna  of  the  Valudayur  and  Trigonoarca  beds  (= AriyaWr  stage,  proper) 
corresponds  with  the  uppermost  beds  of  the  European  senonian  (upper  campanian 
Baculite-Umestone  of  Cotentin),    whilst  the  Nerinea  beds   are  to  be  paralleled 
with  the  danian. 

4.  Equivalents  of  the  Ariyaldr  stage  are  known  in  Natal,  Madagascar,  Assam* 
Borneo,  Yesso,  Vancouver,  and  Quinquina  island  (Chili).  In  the  two  latter  places 
an  overlap  has  been  proved  to  have  occurred  upon  much  older  rocks. 

5.  An  influx  of  elements  of  the  Pacific  fauna  into  the  Atlantic  area  during  the 
tipper  cretaceous,  and  especially  during  the  upper  senonian,  is  to  be  recognized  ;  it 
is  proved  that  such  an  exchange  of  faunas  in  the  seas  took  place  south  of  the  Indo- 
African  continent. 

6.  The  study  of  the  geographical  centres  of  distribution  of  certain  series  of 
forms,  as  well  as  the  coincidence  of  the  appearance  of  distinct  faunas  with  overlaps^^ 
furnish  in  the  present  case  the  proof  that  the  distribution  of  the  species  did  not 
require  any  geologically  measurable  time. 


PART  II.  DESCRIPTION  OF  SPECIES. 

As  the  list  of  fossils  shows,  the  Pondicherri  collection  examined  by  me  com- 
prises only  very  few  new  species,  and  1  can  therefore,  in  connection  with  the  de- 
scriptions of  most  hpecimens,  refer  to  the  monographs  of  E.  Forbes,  A.  d'Orbigny 
and  F.  Stoliczka.  As  to  the  ammonites,  most  of  them,  namely,  the  forms  belonging 
XoihtgtnQidkPhylloceraSi  Lyioceras^  Anisoceras,  Piychoceras^  BaculiUi^  and  Spheno- 
discus,  were  revised  and  in  part  newly  figured  in  the  first  part  of  my  investigations 
on  the  cretaceous  of  Southern  India;  I  can  therefore  restrict  myself  here  ta 
remarks  upon  the  most  impgrtant  species  of  other  genera  (especially  Pachydiscus), 
The  fossil  wood  which  in  some  places  is  abundant  in  the  cretaceous  of  Pondicherri 
(especially  horizons  A  and  E  of  Warth),  and  in  the  overlying  tertiary  Cuddalore 
sandstones,  is  to  be  examined  by  Dr.  F.  R.  Krasser,  and  the  results  obtained  wilt 
be  published  later  on. 

Pachydiscus  gollevillensis,  Orb.  (PI.  VI.  Fig.  i,  a,  b,  c,). 

1842.  Ammonitts  Lsneaiensis,  d'Orbigny  (in  part).  Terrains  Cr«tac6es,  Vol.  I,  PI.  CI.  p.  336. 
i85o.  Ammonites  Gollevillensis,  d'Orbigny,  Prodr6me  de  Pal6ont.,  Vol.  II,  p.  213. 
1854.  Ammonites  Goll^llensis,  Sharpe,  Mollusca  of  the  Chalk,  PI.  XVII,  Fig.  2,  p.  48. 
1891.  Pachydiscus  Gollevillensis,  Seunes,  Ammonites  du  calcaire  k  Bacolites  du  Cotentin  :  M^im 

Soc.  Gtol.  France,  Pal^ntologie,  Vol.  II,  1891,  No.  2,  PI.  V.,  Figs.,  1-3,  p.  10. 
1893.  Pachydiscus  Gollevillensis,  Grossouvre,  Ammonites  de  la  Craie  supAieure,  M^m.  Carte 

G60I.  de  la  France,  PI.  XXIX,  Fig.  4,  PI.  XXXI.  Fig.  9,  p.  214. 

The  only  example  of  Pachydiscus  which  has  been  found  up  to  the  present 
in  the  Trigonoarca  beds  shows  the  following  characters : — The  whorls  have 
a  high  mouth,  a  rather  narrow  periphery,  rounded  at  the  edges,  almost  imper- 
ceptibly flattened  in  the  median  line,  and  high,  very  slightly  curved  sides,  which 
flow  inwards  to  form  a  low  but  distinct  steep  umbilical  wall.  The  involu- 
tion amounts  to  mpre  than  half  of  the  preceding  whorl,  but  its  exact  measurement 
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cannot  be  given  as  the  inner  whorls  of  the  shell  are  evidently  somewhat  crushed. 
At  the  edge  of  the  umbilical  wall  there  are  9  to  10  tubercles  from  each  of  which  pro- 
ceeds an  obscure  radial  ribi  which  disappears  on  the  sides,  so  that  its  connection 
with  the  short,  strong  ribs  on  the  periphery  cannot  be  perceived.  The  outer  ribs,  of 
which  I  coanted  24  on  the  last  half  of  the  outer  whorl  (all  composed  of  air  cham- 
bers), are  very  decidedly  weakened  in  the  narrow  siphonal  region,  but  somewhat 
thickened  on  either  side ;  they  only  reach  the  outer  part  of  the  sides,  and  here  they 
soon  fade  off.  The  suture-line  is  somewhat  abraded,  but  is  nevertheless  very 
characteristic.  The  external  lobe  is  much  shorter  than  the  first  lateral  lobe,  the 
external  saddle  symmetrically  twofold,  and  its  base  on  each  side  much  narrowed 
by  deep  cut  indentations.  From  the  deep,  distinctly  threefold,  first  lateral  lobe 
arises  perceptibly  the  basal  limitation,  as  the  second  lateral  and  the  first  auxiliary 
lobe  are  becoming  shorter  than  the  preceding  one.  The  first  lateral  saddle 
is  about  the  same  height  as  the  external  saddle  and  likewise  twofold,  the  second 
lateral  saddle  is  much  smaller  and  not  symmetrically  shaped,  the  first  auxiliary 
saddle  is  again  somewhat  larger  and  wider,  and  is  divided  into  two  parts  by  an 
indentation  which  cuts  just  into  the  umbilical  margin ;  to  this  indentation  a  few  small 
ones  are  attached,  which  rapidly  incline  towards  the  suture,  thus  forming  a  small 
sutural  lobe. 

In  all  the  characters  above  mentioned  the  Indian  specimen  agrees  perfectly  with 
the  examples  of  Pachydiscux  gollevillenm  from  the  Baculite  limestone  of  Cotentin 
(Dep.  Mancbe),  which  are  beautifully  figured  by  Seunes  and  Grossouvre;  the 
example  figured  by  Seunes,  PI.  V,  fig.  a,  shows  an  especially  striking  resemblance. 
The  number  of  the  short  peripheral  ribs,  thickened  on  both  sides  of  the  siphonal 
line  (25  in  an  arc  equal  to  the  last  half  whorl  of  the  example  here  described) 
is  a.lmost  exactly  the  same,  likewise  the  number  and  shape  of  the  umbilical  tubercles, 
which  in  the  French  examples  also  fade  away  without  any  visible  connection  with 
the  outer  ribs.  As  to  the  suture  line,  a  glance  at  PL  XXX,  fig.  2,  in  Grossouvre's 
monograph  (the  photographic  reproduction  of  a  cast  with  well  preserved  septa) 
shows  that  not  the  least  deviation  exists.  In  the  French  specimens  also  the  lobes  lean 
towards  the  umbilical  suture ;  the  first  auxiliary  saddle  is  divided  near  the  margin  of 
the  umbilicus  by  an  indentation,  the  little  suspensory  lobe  is  distinctly  visible ;  the 
external  lobe  is  smaller  than  the  first  lateral  lobe. 

One  can  therefore,  without  any  hesitation,  ascribe  the  example  described  from  the 
Trigonoarca  beds  to  this  characteristic  species  of  the  upper  campanian  (upper 
mucronata  beds,  Maestrichtien). 

It  is  further  closely  connected  with  Pachydiscus  crishna,  Forb.,  and  P.  egertom^ 
Forb.,  from  the  Valudayur  beds«  The  latter  has  in  common  with  it  a  section  indicat- 
ing a  high  mouth,  short,  strong  ribs  on  the  periphery  (likewise  somewhat  thickened 
on  each  side  of  the  siphonal  line),  and  isolated  umbilical  tubercles;  the  suture  line 
also  is  very  similar.  The  difference  is  only  shown  by  the  fact  that  Pack,  trishna 
increases  more  slowly,  is  less  involute,  and  consequently  possesses,  a  more  open 
umbilicus. 

Pachydiscus  igertoni  is  distinguished  from  the  two  above  mentioned  forms  by  a 
wider,  less'  high  section,  and  therefore  a  more  contracted  suture  line.  Otherwise 
Pack,  igertoni  shows  nearly  in  every  respect  the  same  characters  as  the  European 
Path.  neubergicuSi  Hauer,  a  typical  form  of  the  upper  campanian,  and  I  should  be 
embarrassed  if  I  had  to  indicate  marked  differences  between  the  two  species. 
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I  intend  to  reserve  a  minnte  investig^tien  into  the  rekitionsbip  of  theae  species 
for  the  Fecond  part  of  my  monograph  on  the  ammonites  of  the  Soatb  Indian 
cretaceous,  and  hope  that  meanwhile  I  shall  have  an  opportunity  of  comparing 
Forbes's  examples  of  Fachydiscus  egertoni  with  those  of  the  European  species 
/^  fuuhergicui. 

The  little  species  Fachydiscus  ganesa,  Forbes,3s/>  soma,  Forbes,  (see  PI.  VI,  fig.  s 
a'c)  is  also  very  closely  related  to  F.  egeriom,  and  it  is  quite  possible  that  it  repre^ 
sents  only  an  immature  form  of  the  latter.  The  young  stage  of  growth  of  F,  muber" 
gicus  possesses  also  quite  an  entraorditary  resemblance  with  P.  ganesa^  as  a  com- 
parison of  the  figured  specimen  in  this  work  with  PI.  XXVI,  Fig.  3,  in  Grossouvre's 
Monograph  shows. 

It  can  now  be  affirmed  with  certainty  Uiat  the  four  Indian  species :  Fachydiscus 
cgertont,  F.  gancsa,  F.  crishna,  F.  golUvillcmsiSt  Ttpcedtnt  a  perfect  equivalent  of 
the  European  group  of  forms  of  Fachydiscus  mubsrgicus,  and  have  at  least  one 
species  (F  goUevillsnsis)  in  common  with  it.  - 

The  fifth  Indian  species  of  Fachydiscus^  F,  wuuu,  Forbes,  belongs  to  quite 
another  group  of  forms  and  is  in  the  middle  stage  of  growth  exceedingly  like  F. 
ariyalurensiSf  Stol.,  but  acquires  a  very  peculiar  second  row  of  tubercles  on  the 
body  chamber.  It  seems  to  me  of  importance  that  there  is  an  undescribed  species 
associated  with  Fachydiscus  neubergicus,  from  Neuberg  <Steiennark),  which  shows 
quite  similar  features  of  form  and  sculpture  to  those  of  P.  mtnu.  (The  only 
specimen  known  to  me  is  in  the  Geological  Institute  of  the  University  of  Vienna.)  . 

Stoliczka  has  also  described  and  figured  (PI.  LII,  Fig.  3),  Fach.  msuu,  from  the 
THchinOpoli  group  of  Anapadi,  but  an  examination  of  the  example  mentioned 
proved  that  this  identification  could  not  be  sustained. 

Locality,  i  mile  west  of  Rautankupam»  Trigonoarca  beds. 

Fachydiscus  sp.  ef.  gollbvillbnsis^  Orb,  PI.  VI,  Fig*  3,  a,  b,  c. 

Among  the  few  species  of  ammonites  which  the  Valudayur  beds,  once*  so  rich 
in  this  group  of  animals,  have  furnished  to  this  new  collection,  is  a  fragment,  which 
must  be  referred  to  the  genus  Fachydiscus,  but  in  consequence  of  its  small  si2e  does 
not  admit  of  all  the  characters  necessary  for  the  recognition  of  a  species  of  this 
group,  so  rich  informs,  being  ascertained.  The  whorls  increase  vtry  slowly  and 
the  involution  amounts  to  about  three  fifths  of  their  height  At  a  diametet  of  about 
5  cm.  the  section  is  almost  perfectly  circular,  a  little  wider  than  high ;  afterwards 
the  sides  become  flattened  and  jgfradually  merge  into  the  rather  narrow,  rounded 
periphery,,whilst  their  boundary  at  the  Umbilical  wall  is  somewhat  more  distinctly 
marked.  At  the  edge  of  the  umbilicus  thtere  are  rounded  tubercles  (on  the  figured 
fragment  three  in  number),  whilst  elsewhere  no  trace  of  sculpture  is  to  be 
seen. 

The  suture  line  agrees  with  that  of  Fachydiscus  ucubergicUs,  Hauer,  and  F. 
gollevillensis^  shows  exactly  the  same  details  of  indentation,  of  the  proportions  in 
sise  of  the  individual  lobes  and  saddles,  as  well  as  the  inclixlation  of  the  lobes  to- 
wards the,  umbilical  suture.  The  first  auxiliary  saddle  id  on  the  timbilical  edge  a^ 
in  P,  gollniilcnsis.  On  the  whole  the  specimen  described  is  pretty  near  to  this 
species  and  is  only  distingiiished  from  ft  by  the  Want  of  ribs  and  by  the  slower 
growth.    But  as  the  young  forms  of  the  Fachydiscus  belonging  to  this  group  are 
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smooth  (for  example,  in  Pachydiscui  muiergicus),  and  the  mode  of  growth  of  P. 
golUvillensts  in  its  yonng  stage  is  not  known,  one  cannot  decide  without  further  in- 
formation whether  the  present  specimen  belongs  to  a  distinct  species  or  not. 
Locality,  \  mile  north  of  Tutipet,  Valudajur  beds. 

DeSMOCBRAS  DIPHYLLOIDE,  Forbes,  sp. 

1846.  Amm.  dipkylloidtSf  Forbei,  Trans.  Geol.  Soc.,  London,  and  Ser.,  Vol.  VII,  p.  105, 

PL  VIII,6(r.  8. 
1865.  Amm.  dipkylMdn,SUAiczkA,  Cret.  S.  Ind.,  Vol.  I,  p.  119. 

Of  this  species  there  are  in  the  collection  of  the  Geological  Society  several  very 
well  preserved  examples  showing  deep,  S  shaped  constrictions,  which  Forbes 
does  not  mention  in  his  description.  I  have  before  me  in  the  new  collection  only  a 
fragment  of  a  large-chambered  example  (diameter  about  7  cm.),  which  agrees 
very  well  with  the  specimens  of  the  original  collectioui  and  which  I  shall  figure 
later  on  in  connection  with  them. 

The  section  is  somewhat  higher  than  wide,  the  sides  flattened  merging  gradually 
into  the  rounded  periphery  on  the  one  hand,  and  into  the  umbilical  wall  on  the 
other.  The  constrictions  marking  the  cast  are  curved  in  an  S-shaped  manner, 
and  project  tongue-like  on  the  periphery. 

The  suture  line  shows  all  the  characters  of  a  Desmoeeras  of  the  group  of 
D,  laiidorsaiun^  Mich. 

The  examples  which  Stoliczka  figures  from  the  Utatur  group  as  A  mm, 
df'pkylloidis  show  a  somewhat  more  rounded  secdon  (PI.  LIX,  Figs.  10,12)  ;  the 
constrictions  show  a  shorter,  broader  tongue  on  the  periphery.  From  the  Ariyaldr 
stage  of  Otacod  and  Karapadi  there  are  some  specimens,  which  agree  well  in  form, 
sculpture  and  suture  line  with  the  Valudayur  form.  Very  nearly  related  also  is 
Desmoeeras  pyrenaicum,  Gross.^  from  the  French  santonian  (middle  senonian) 
and  si  mm.  selwynianus^  Whiteaves,'  from  the  Nanaimo  stage  of  Vancouver,  of 
which  Mr.  Whiteaves  sent  me  a  very  beautiful  example  for  comparison. 

The  second  species  of  Desmoeeras  from  the  Valudayur  beds,  D*  yama^  Forbes, 
is  insufficient  for  any  comparison  with  forms  from  other    cretaceous    regions. 

Locality,  \  mile  north-west  of  Rautankupam,  Valudayur  beds. 

Amm.  {n.  g.  aff.  HOLCODISCUS)  BRAHMA,  Forbes. 

1846.  Amm.  brakma,  Forbes,  Trans.  GeoLSoc.,  London,  and  ser.,  VII,  p.  too,  pi.  VIII.  Fig.  1. 
1865.  Amm.  brahma,  Stolicska,  Cret.  S.  India,  Vol.  T,  p.  163,  PI.  LXXIX,   Pigs.  a*4« 

Of  this  species,  which,  in  the  Pondicherri  district,  has  only  been  found  up  to  the 
present  time  in  the  Valudayur  beds,  though  occurring  pretty  frequently  in  them,  there 
lies  before  me  a  single  fragment,  not  welt  preserved,  but  easily  recognixable,  from 
the  .Trigonoarca  beds  of  Saidarampet.  Several  beautiful  examples  of  the  same 
species  are  in  Dr.  Warth's  collection,  from  the  Trichinopoli  district.  These  come 
from  the  Ariyaldr  beds  of  the  vicinity  of  Otacod,  from  whence  also  Stoliczka 
mentions  a  specimen.    This  remarkable  type  is  represented  in  France  by  a 

"  A.  de  Gro8soavre«  Les  Ammonites  de  la  Craie  sup^rieure.  Paris,  1893*  PI  •  XXXVII,  Fi|r, 
9,  a,  b,  e. 

•  I.  F.  Whiteaves,  Geol.  Nat.  Hist  Surv.  Canada,  Mcsoioic  Possfls,  Vol.  I,  PI.  II.  Montrsal, 
1879.    PI.  XIII.  Fig.-|. 

D  a 
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very  closely  related  species,  Am.  haugt\  Seunes  (called  by  Seanes^  Puiosia)^ 
regarded  by  Grossouvre'  as  a  stage  of  growth  of  Lytocerai  planorbiforme,  fidhai.» 
which  occurs  in  the  upper  campanian  (uppermost  senonian)  of  the  Depart- 
ment of  the  Basses  Pyrenees. 

A  description  of  the  generic  features  of  Am,  brahma  and  the  allied  species  Amm. 
vishnUf  Forbes,  and  Am.  haugi^  Seunes,  will  be  published  in  the  second  part  of  the 
researches  into  the  cretaceous  fauna  of  Southern  India.  But  it  may  be  re- 
marked here  that  this  group  has  nothing  to  do  with  Lyioeeras^  with  which  it  has 
been  united  by  Neumayr  (Classification  der  Kreideammonites)  and  by  Zittel 
(Handbuch  der  Palaeontologie,  Vol.  II.  genus  Lytoceras),  but  is  nearly  related 
to  Holcodiscus  and  Pachvdiscut. 

Locality  :  Pondicherri,  Valudayur  beds  and  Trigonoarca  beds  (Saidarampet). 

Nautilus  (Hercoglossa)  Tamulicus,  n.  sp.    PI.  VI,  Figs.  5, 6 ; 

PI.  VII,  Fig.  I. 
This  species,  of  which  I  have  two  fragmentary  examples  before  me,  possesses 
strongly  involute  whorls,  sagittate  in  section,  which  surround  a  very  small  um- 
bilicus. The  sides  are  without  ornaments  and  moderately  inflated,  steeply 
inclined  towards  the  umbilicus,  near  which  they  are  widest;  they  converge 
regularly  towards  the  periphery,  which  is  somewhat  rounded  in  the  young,  pointed 
m  the  old,  shell.  The  septa  are  numerous,  project  towards  the  periphery, 
forming  a  sharp  angle,  and  describing  on  the  sides  a  deep,  backwardly  directed 
sinus,  which  is  separated  from  the  suture  by  a  regularly  rounded  saddle.  The 
siphuncle  is  situated  very  near  the  inner  side,  its  projection  would  meet  the  turn  of 
the  curve,  which  the  suture  line  describes  in  iu  transition  from  the  side  lobe  to  Uie 
saddle. 

A  related  species,  not  yet  described,  occurs  in  the  Ariyaldr  beds  of  Kalmodu, 
near  Otacod,  but  this  possesses  a  narrower  section,  the  keel  is  separated  from  the 
sides  by  a  slight  groove  and  is  divided  in  the  adult,  so  that  it  develops  a  furrow  in 
the  siphonal  region. 

Nautilus  letotropis,  Schluter,«  from  the  Emscher  mail  of  Northern  Germany, 
is  more  inflated  and  possesses  less  deeply  sinuated  septa. 
Locality.  Saidarampet,  Kadaperikupam  ?,  Nerinea  beds. 
The  other  Nautili  belong  to  species  which  have  all  been  described  by  Forbes 
and  Blanford.  There  is  a  very  fine,  large  specimen  of  N.  serpen/inus,  Blanford, 
from  the  Orbitoides-bearing  Nerinea  limestone  of  Saidarampet,  whilst  Nautilus 
danicus,  Schl.,  related  to  it,  is  not  represented  in  Dr.  Warth's  collection  Of  the 
species  which  Blanford  identified  with  Nautilus  clementinus,  Orb.  (ga«lt),  there 
are  several  badly  preserved  examples  which  agree  with  those  of  the  Trichmopoli 
district,  but  are  insufficient  for  purposes  of  description.  But  it  must  be  pomted 
out  that  the  species  from  both  districte  differ  from  the  European  species  and  must 
receive  a  new  name. 

»  J.SemiM:  M«m.  Soc.  Geol.   de  France,  Paltonlologie,  Vol.  II,  No.  2,  p.  ao.  PI.  VI,  Fig.  i. 
«  A.  deGrattouvret  Ammonites  de  U  Craic  tupAieure,  p.  53i,  «•  XXXIV,    FigB.  4,5  ;    "• 
XXXV,  Fig.  7. 
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BblbmniteS,  ap.  ind.    PI.  VI.,  Fig.  7,  j,  *. 

1846.  BtUmniUM   (?)  fibula^  Forbes«  Trans.   Geol.    Soc.,  London,   and  sm-m    VII,     11^ 

PI.  IX,  ri«.  3. 

From  the  sands  of  the  Trigonoarca  beds  I  have  a  single,  rather  eroded 
fragment  of  a  belemnite,^  which  agrees  with  the  species  described  by  Forbes 
as  B.  fibula.  In  the  phosphatic  beds  of  the  Utatur  stage  of  Utatur,  Trichinopoli 
district,  numerous  very  well  preserved  belemnites  are  found,  which  H.  F.  Blanford 
was  inclined  to  identify  with  the  Pondicherri  species  on  the  ground  of  £.  Forbes's 
sketch  (Cret.  Fauna  of  S.  India,  Vol.  I.,  Cephalopoda,  p.  3).  But  the  section  of 
the  latter  has  the  form  of  a  rectangle  with  rounded  edges,  the  alveolar  cavity  is 
rather  long  and  narrow,  the  wall  of  the  rostrum  not  smaller  on  the  sides  than  in 
the  ventral  and  dorsal  regions.  In  the  belemnites  described  from  the  Utatur 
group  the  section  of  the  wall  and  the  alveolus  is  oval,  the  latter  is  moreover 
excentric  and  the  wall  on  the  ventral  side  of  the  rostrum  somewhat  thicker.  The 
Utatur  species  must  therefore  have  a  new  name,  whilst  the  specific  name  fibula  had 
better  be  abandoned,  as  the  examples  known  up  to  the  present  time  are  not 
sufficient  for  a  specific  diagnosis. 

Locality,  \  mile  N.  N.  W.  of  Rautankupam,  Trigonoarca  beds. 

PUGNELLUS  UNCATUS,  Forbes.    PI.  VI,  Fig.  8. 

1S46.  Stfombut  umaiust  Forbes,  Trans.  Geological  Society,  London,  and  ser.,  VII,  p.  199, 
PI.  XIII,  Fig.  16. 

1847.  Strombu§  M9micoiiaiu$,  d'Orbigny,  Voyage  de  I' Astrolabe.  Palfont.  PI.  II,  Fig.  38. 
1S67.  PugmUu9  umaiu9,  Stoliczka,  Cret.   S.  India,  Vol.  II,  p.  23,  PI.  Ill,  Figs.  9—13* 
18S7.  Pu/fntUus     uncaius,     Pbilippi,    Die    tertiaren    und   quartaren,    Verstdacrungen 

Cbiles.   Leipsig. 

This  species  passes  up  from  the  Valudayur  beds,  in  which  it  is  very  common, 
into  the  Trigonoarca  beds,  from  whence  I  have  a  well  preserved  cast  agreeing 
perfectly  with  the  typical  examples*  from  which  the  shell  has  been  broken 
off.  Pugnellus  is  a  genus  which  belongs  in  the  first  place  to  the  Indo-Pacific 
region  and  is  represented  in  the  upper  cretaceous  of  Southern  India  by  three 
species  {P,  uncaiutt  Forb.,  P.  conlorlus,  Sow.f  P. granuli/erus,  Stol) ;  it  further 
occurs  in  Natal*  (P.  uncalus),  in  Borneo,*  (Pugnellus  sp.,  Martin),  in  California^ 
{P.  manubr talus,  Gabb,  and  P.  hamulus^  Gabb)  and  in  Chili,^  {P.  unca/us,  P. 
/umtdus,  Gabb) ;  but  it  is  also  known  in  the  Colorado  group  of  the  Rocky  Mountains 

1  CI.  ScUflter,  Cephalopoden  dAr  obaran  deutschen  Kreide,  U  Palaeontographica,  XXIV, 
PI.  XLVIII,  Figs.  I,  3. 

SC.  L.  Griesbach,  Geology  of  Natal:  Quart.  Journ.  Geol.  Soc.  London,  XXVII,  iSyi, 
p.6i. 

>  K.  Martin,  Die  Fauna  dar  Kreideformation  von  Martapoera :  Sammlungen  des  geologischea 
Retebsmuseums  in  Leiden,  IV,  Nos.  5,  6,  iS89b  P- 188,  PI.  XX,  Figs.  10-1  a. 

4  W.  M.  Gabb,  Palaeontology  of  California,  Vol.  I,  pp.  134, 135,  PI.  XVIII.  Fig.  48 1  PI.  XX, 
Fig.  81  ;  PI.  XXIX,  Fig.  339. 

•  Stsinmann,  Qutriquinaschicfaten :  Neues  Jahrb.,  Bdlagc  Bd.  X,  1,  p.  96,  PI.  VII,  Figs* 
iSt  16. 


88  Records  of  the  Geoh^ieal  Survey  of  India.  [VOL.  XXX. 

region  of  the  United  States»>  (Pugnellns  sandstone),  and  in  the  Mississippi  creta- 
ceous (one  species  in  each). 

Locality!  Pondicherri  district,  Valndayor  bedst  Trigonoarca  beds. 

GOSAVIA  iNDiCAi  Stoliczka.    PI.  VII,  Fig.  3,  a^  h. 

1867.  Gwnia  Indica,  Skolkilca,  Crct.  S.  lnd.«  Vol.  II,  p.  73*  PI*  VI,  Figs.  3,  7,  8. 

The  specimens  from  Pondicherri  agree  very  well  with  Stoliczka' s  figures  and 
descriptions,  but  the  spire  appears  to  be  a  little  lower  than  in  the  examples  from 
the  Trichinopoli  district,  which  all  come  from  the  zones  lying  between  the  Trichi« 
nopoli  and  Ariyaldr  stage.  The  largest  of  the  Pondicherri  examples  (a  fragment 
from  Rayapudupakam)  shows  the  numerous  folds  on  the  inner  lip  very  well. 

Iiocality,  \  mile  N.  N.  £.  of  Rautankupam,  Valudayur  beds ;  Rayapudupakam, 
Trigonoarca  beds. 

VOLUTILITHES  MURICATA,  Forbes.     PI.  VII,  Fig.  2. 

1846.  Voluia  murUaia,  Forbes,  Trans.  G.ological  Society,  London,  2nd  ser.,  VII,  p.  iSi* 

ei.  XII,  Fig.  4. 
1867.  VcluHlitheM  muricaia^  Stolicslca,  Cret  S.  India,  Vol.  II,  p.  94,  PI.  IX,  Fig.  5. 

I  have  figured  this  species  again  as  the  specimen  figured  by  Forbes,  and  also 
that  by  Stoliczka,  is  only  fragmentary  ;  but  to  Uie  description  which  the  latter  has 
given  there  is  nothing  to  add. 

Locality,  \  mile  north  of  Tutipet,  Valudayur  beds ;  \  mile  west  of  Rautanku- 
pam, Trigonoarca  beds. 

HiNDSiA  EXIMIA,  Stoliczka. 

1867.  Hindiia  eximia,  Stolicika,  Cret.  S.  India,  VoL  II,  p.  135,  PI.  XI,  Figs.  15—17. 

In  the  Kaye  and  Cunliffe  collection  in  the  Museum  of  the  Geological  Society 
of  London  there  is  a  specimen  which  completely  agrees  with  this  species,  but  has 
been  confounded  with  Follia  pondicherrensis,  Forb.,  and  has  therefore  not  been 
described. 

Locality,  Pondicherri  district,  lumachelle  of  the  Valudayur  beds. 

Trichotropis  sp.  cf.  KONiNCKii,  Muller.    PI.  VIII,  Fig.  a,  a,  b. 

From  the  Trigonoarca  beds  of  Tutipet  there  are  in  the  collection  two  phospha- 
tiaed  casts,  retaining  the  sculpture  of  the  shell,  which  belong  to  the  genus  Tricho- 
tropis, and  are  related  to  Trick,  koninckii  9M  mA\  as  to  some  other  forms  from  the 
Trichinopoli  district.  The  larger  of  the  two  specimens  shows  only  three  whoris 
which  have  two  spiral  ridges,  the  stronger  of  which' is  situated  in  the  middle  between 
the  anterior  and  posterior  sutures,  whilst  the  weaker  anterior  one  disappears  under 
the  suture  and  is  only  seen  on  the  last  whorl.  Two  spiral  ribs  are  visible,  one  between 
the  two  ridges,  another  on  the  convex  base  of  the  last  whorl.  Longitudinal  ribs 
which  were  probably  very  strong  on  the  shell  are  likewise  pretty  distinctly  marked 
on  the  cast ;  they  form  tubercles  on  the  posterior  ridge,  and  proceed  from  thence 

1  T.  W.  Stanton,  The  Colorado  Formation :  Boll.  United  States  Geological  Survey,  Ha  sofl^ 
Washington,  x^iZt  P  US.  PL  XXXI,  Figa.7— «». 
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as  flat  prominences  to  the  posterior  suture.  The  aperture  is  oval,  somewhat 
contracted  anteriorly  and  posteriorly.  This  species  is  distinguished  from  Tricho^ 
iropis  konittckii^  of  the  Achen  greensand  by  the  smaller  size  of  the  last  whorl, 
by  the  shorter  distance  of  the  posteri(Mr  ridge  from  the  suture,  and  by  the  pre. 
sence  of  spiral  ribs.  Hohsapfel  has  pointed  out  that  Stoliczka's  examples  >  from 
the  Trichinopoli  group  are  different  from  the  European  species ;  moreover,  Stoliczka 
has  united  two  Indian  species  under  the  name  of  Irichotropis  koninckth  toione  of 
which  (StoK,  loc.  dt.,  PI.  XIII,  Fig.  7)  the  present  specimens  from  Pondicherri  are 
very  similar;  perhaps  they  should  even  be  united  with  them;  unless  the  presence  of 
the  two  spiral  ribs  forms  a  special  feature  of  the  latter. 
Locality,  i  mile  W.  S.  W.  of  Tutipet,  Trigonoarca  beds. 

NBRINEA,  n.  sp.  (BLANFORDIANA^StoI.?).  PI.  VII,  Fig.  7  ;  PI.  VIII,  Fig.  I. 

In  the  hard,  sandy  Orbitoides  limestone,  which  overlays  die  Trigonbafca  beds 
in  several  places,  for  instance  at  Valudayur  and  Saidarampet,  there  are  found  casts 
of  large  Nerineas  which  seem  to  form  a  special  peculiarity  of  this  horizon,  for 
which  reason  I  have  bestowed  upon  it  the  designation  Nerinea  beds.  But  I 
abstain  from  giving  a  specific  name,  as  nothing  of  the  sculpture  is  to  be  seen, 
and  therefore  an  exact  comparison  with  described  species  is  out  of  the  question. 

The  shell  is  conical,  not  very  slender,  with  numerous  low  whorls  which  have 
slightly  concave  sides  on  the  cast.  The  base  is  flat  and  low  and  meets  the  sides  in 
a  distinct  edge.  The  aperture  is  widely  quadrate ;  two  columella  folds,  somewhat 
deeply  indented,  are  present ;  every  whorl  joins  the  upper  part  of  the  contiguous 
one  with  a  projecting  spiral  rib,  so  that  the  section  of  each  whorl,  besides  the  two 
columella  folds,  shows  a  groove  in  the  middle  of  the  upper  part  and  a  projecting 
rib  in  the  middle  of  the  under. 

There  seems  to  be  a  relationship  between  this  species  and  Nerinea  blanford* 
tana,  Stol.,'  but  the  want  of  the  sculpture  does  not  permit  of  any  sure  determina* 
tion.  Unfortunately  Stoliczka  does  not  figure  a  section  of  a  whorl  showing  the  folds. 

As  already  mentioned  in  the  geological  part  of  this  memohr,  Nerinea  occurs 
in  the  Niniyur  beds  (danian)  of  the  Trichinopoli  district  (H.  F.  Blanford  : 
Mem.  Geological  Survey  of  India,  IV,  p.  141),  and  are  also  several  times  mentioned 
by  Stoliczka  as  associated  with  various  forms  of  gastropods  described  by  him ;  on 
pages  aai  and  say  he  even  directly  refers  to  Nerinea  blanfordiana  in  the  Niniyur 
group,  wlnlst  in  the  description  of  dus  species-,  be  mentions  only  localities  from  the 
Utatur  group.  An  examination  of  the- specimens  in  the  Museumi  of  the  Geoilc^cal 
Survey  could  alone  elucidate  this  question.  .    , 

The  species  here  described  differs  considerably  from  other  cretaceous  Nerineas 
known  tome. 

Locally,  S.  8.  £.  of  Valudayur,  Nerinea  beds. 

CERITHIUM  KARASURBNSB,  n.  sp.    PI.  VII,  Figs.  5,  tf|  3  ;  6|  tf,  ^. 

The  ^ell  of  'this  species 'id  very  slender,  with  numerous,  fairly  high  whorls, 
1  B.    Holiapfel,  Die  MoUnsken  dar  Aachener  Krdde:  Pal«ontogr«pliica,  XXXI V,  PI.  XV, 
Fi«B.6-9,p.  149- 

8  F.  Stoliczkm,  Cret.  S.  India,  Vol.  II,  p.  158,  PI.  XIII,  Pigs.  7—9. 
s  F.  Stolicika,  Cr^.  S»  India,  Val.  11,  p.  184,  PL  XIV,  Fig*.  4-6. 
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which  are  scarcely  at  all  inflated  and  only  very  slightly  indented  at  the  suture. 
Jnst  below  the  posterior  suture  there  is  a  raised  rim  upon  which  numerous  rounded 
tubercles  are  seen  (seventeen  on  the  last  whorl).  An  anterior  row  of  tubercles, 
which  indicates  the  ridge  between  the  somewhat  inflated  under  part  and  the  sides, 
is  covered  by  the  suture  and  consequently  is  visible  only  on  the  last  whorl.  They 
are  more  numerous  than  the  posterior  tubercles  and  form  the  starting  point  for 
the  curved  longitudinal  ribs,  which,  on  the  one  hand  pass  over  the  sides  of  the 
whorl  and  can  partly  be  traced  as  far  as  the  posterior  row  of  tubercles ;  on  the 
other  hand  they  converge  towards  the  lower  end  of  the  aperture,  getting  at  the 
same  time  gradually  fainter.  There  is  no  spiral  sculpture.  The  aperture  is  some- 
what narrowed  anteriorly  and  posteriorly ;  the  interior  end  of  the  shell  is  broken 
off,  and  therefore  nothing  of  a  canal  is  to  be  seen. 

In  the  Orbitoides  bearing  Nerinea  beds  of  Saidarampet  there  occur  pretty  large 
examples  of  Cerithiumt  which  very  probably  are  to  be  identified  with  the  species 
here  described.  The  best  preserved  figured  specimen  shows,  in  the  form  of  the 
whorls  and  in  the  sharply  conical  shape  of  the  shell,  a  complete  agreement  with  the 
example  from  Karasur,  and  possesses  also  a  swollen  ridge  with  rounded  tubercles  at 
the  posterior  suture.  All  other  traces  of  sculpture  are  removed  by  weathering,  but 
it  seems  as  if  the  row  of  tubercles  on  the  ridge  between  the  sides  and  the  base  of  the 
shell  had  also  been  there.  A  second  example  shows  in  section  two  faint  columella 
folds.  In  this  feature  as  well  as  in  the  form  of  the  shell  there  is  decidedly  a  near 
relationship  to  Cerithium  inaugura/um,  StoU,^  but  the  latter  may  be  distinguished 
by  the  presence  of  several  spiral  rows  of  fine  tubercles  as  well  as  by  the  absence 
of  the  longitudinal  ribs,  and  an  anterior  row  of  tubercles. 

There  is  moreover  in  the  collection  worked  up  by  Forbes  also  Cerithium  inau- 
guratum,  Stol.  (already  thus  determined  by  Stoliczka  in  his  examination  of  the 
collection,  but  not  mentioned  in  his  publications).  Another  species  occurring 
abundantly  in  the  Ariyaliir  stage — Cerithium  arcotense^  Stol.  (loc.  cit,,  p.  197,  PI. 
XV.  Figs.  1-5)— is  represented  in  the  same  collection  from  Pondicherri  (lumachelle 
of  the  Valudayur  beds). 

Locality  of  Cerithium  karasureme^  Karasur,  Trigonoarca  beds;  Saidarampet, 
Nerinea  beds, 

TURRITBLLA  WARTHI,  n.  sp.     PI.  VIII.,  Fig.  3,  a,  b. 

A  very  slender  form  with  regularly  convex  whorls,  which  are  separated  from 
each  other  by  a  somewhat  deeply  indented  suture,  and  are  distinguished  by  a  very, 
fine,  regular,  spiral  sculpture.  Three  of  the  spiral  lines  in  the  middle  of  the  whorl 
are  more  distinct. 

Related  to  this  species  Is  Turritella  ventricota^  Forbes  (loc.  cit.,  p.  123,  PI.  XIII, 
Fi^.  3)>  which,  however,  increases  considerably  quicker,  and  has  a  somewhat  coarser 
sculpture;  the  species  from  Niniyur,  which  Stoliczka  has  identified  with  Turr. 
funtricosa^  difien  greatly. 

Very  similar  to  this  species  is  Turritella  quadrieineta,  Goldfuss,  from  the 
German  senonian  (E.  Holsapfel :  Palaeontographica,  XXXIV,  Taf.  XV,  Fig,  16.); 
but  it  has  four  instead  of  three  coarser  spiral  lines.    Turritella  meadii,  Baily,  from 

X  r.  Stolkska.  Crct.  S.  Ini.,  Vol.  II,  p.  193,  PI.  XV,  Figi.  15, 19^  so. 
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Natal  (Quart.  Journ.  Geol.  Soc,  London,  1855,  p.  458.  PL  XII,  Fig.  6),  shows 
stronger  longitudinal  lines  and  more  numerous  spiral  ribs. 

Locality,  |  mile  north  and  i  mile  N.  N.  W.  of  Tuiipet,  Valudayur  beds. 

TrOCHUS  ARCOTBNSIS,  Forbcs.     PI.  VIII,  Fig.  4,  tf,  *,  c* 

1S46.  TrockusArc<ftensu,  Trans.  Geol.  Soc.,  Londoo,  2nd  ler.,  VII,  p.  119;  PI.  XIU, 
Fig.  9- 

The  specimens  of  Tr.  arcoiensis  from  Pondicherri  which  I  have  before  me 
(Forbes's  specimens  come  also  from  there)  differ  from  the  highly  ornamented  Tr. 
^einiizianut,  from  the  Bohemian  cretaceous,  with  which  Stoliczka  united  it,  as 
well  as  from  the  examples  identified  with  them  from  the  Trichinopoli  district.  The 
spiral  sculpture  is  very  faint,  the  outer  ridge  of  the  whorls  without  tubercles  and  not 
sharp ;  that  part  of  the  shell  between  it  and  the  suture  is  inflated,  not  simply  roof- 
like, as  in  Stoliczka's  examples,  which  indeed  come  very  near  to  Tr.  getniiitanus 
(loc.  cit.,  Vol.  II,  Pi.  XXIV,  Figs.  11—15.) 

Very  nearly  related  to  Trochus  arcotensis  is  a  species  from  Natal,  which  Baily 
has  named  Solarium  pulchellum  (Quart.  Journ.  Geol.  Soc,  London,  1855,  p.  458» 
PI. XII,  Fig.  3),  but  the  height  of  the  spire  is  somewhat  less.  In  the  lumachelle 
of  the  Trichinopoli  stage  of  Garudamangalam  two  species  of  Trochus,  not  yet 
described,  occur,  of  which  one  is  very  similar  10  Tr.  arcotensis^  but  has  a  sharp 
outer  ridge^  and  the  upper  part  of  the  whorl  is  not  inflated,  but  roof-like. 

Locality,  \  mile  N.  W»  and  north  of  Tutipet,  etc.,  Valudayur  beds. 

TbinOSTOMA  CRETACEUM,  d'Orbigny.     PI.  VIII,  Fig.  5,  tf,  *,  e. 
1867.  Tnn^stoma  creiaeeum  (d'Orbigny)  Stoliczka,  Cret.  S.  Ind.,  Vol.  II,  p.  350^  PI.  XXV, 

The  extremely  small  species  described  by  d'Orbigny  from  Pondicherri,  and 
figured  by  Stoliczka  from  the  Ariyaldr  stage  of  Comarapalaiam,  is  very  common 
and  always  beautifully  preserved  in  the  lumachelle  of  the  Valudayur  beds»  so  that 
the  brownish,  radiating  colour  bands  are  often  to  be  seen  on  the  shiny,  porcele- 
lanous  shell. 

Locality,  |  mile  north  of  Tutipet,  Valudayur  beds. 

BULLINA  CRETACEA,  d'Orbigny.     PI.  VIII,  Fig.  6,  a^  b. 

i&i;.  Bulla  €rstac§at  d'Orbigny,  Vqy«g«  da  1' Astrolabe.  Paltentologie,  PI.  Ill,  FigB.  i8— ai. 
1867.  BuUina  cretaeea,  Stolicska,  Cret.  S.  Ind..  Vol.  II,  p.  414  (non  PL  XXVII,  Fig.  19). 

Small  examples  of  Bullina  are  among  the  most  common  fossils  in  the  Valudayur 
beds,  and  particularly  one  species  which  d'Orbigny  describes  as  B,  cretacea.  A 
special  feature  of  this  form  is  the  striking  thickening  of  the  lines  of  growth  at  the 
upper  end  of  the  cylindrical  shell  which  there  develop  into  slight  folds.  In  the 
examples  from  Garudamangalam,  which  Stolizcka  figured  as  B.  cretacea,  this  feature 
is  not  present,  moreover  they  are  more  distinctly  spirally  striated  and  attain  a  some- 
what  larger  size. 

Besides  Bullina  cretacea  there  occurs  in  Pondicherri  another  species,  PI.  VIII, 

«  Fig.  7y  a,  3,  ornamented  with  fi&e»  spiral  lines,  which  does  not  show  the  posterior 

thickening  of  the  lines  of  growth,  is  very  slender,  but  has  not  a  cylindrical  Jiape ;  it 
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18  considerably  narrowed  posteriorly,  whilst  the  sides  are  slightly  inflated.  This 
form  might  be  perhaps  identical  with  the  slender  variety  of  Bullind  aliernata^ 
Forb.,  which  Stoliczka  (loc.  cit.,  PI.  XXVII»  Fig.  iB)  figores  from  the  npper 
Trichinopoli  stage  of  Varagur. 

Locality,  N.  N.  W.  of  Tntipet,  \  mile  north  of  Tatipet,  etc.,  Valndaynr  beds. 

EuPTYCHA  LARVATA,  Stoliczka.    PI.  VII,  Fig.  4|  a^  b. 

1867.  Euptycha  larvaia,  StoHcska,  CreC.  8.  Ind.,  Vol.  II.  p.  496,  PI.  XXVI,  rtg.  6. 

The  two  phosphatised  examples  from  Pondicherri  agree  entirely  with  Stoliczka's 
tjrpe  specimen  from  Comarapalaiam. 

Locality,  Rayapadupakam,  Trigonoarca  beds. 

Dbntaliu.m  crassulum.  Stolicska.    PI.  yill»  Fig.  S,a^i. 

1867.  Denialium  erassulum^  Stolicska,  Cret.  S.  lad.,  VoL  II,  p.  444*  PI.  XXVIl,  Pig.  au 
This  species  was  described  by  Stoliczka  from  the  npper  Trichinopoli  stage  of 
Serdamangalam,  but  I  have  it  also  from  the  lumacbelle  of  the  lower  Trichinopoli 
stage  of  Garudamangalam ;  also  from  the  white  sands  of  the  Ariyaldr  stage  of 
Karapadi,  and  one  example  with  completely  similar  features  from  the  Valadaynr 
beds  of  Pondicherri. 

Denialium  arcoHnunh  Forb.,  also  frequently  occnmng  in  Pondicherri,  is  common 
to  the  Trichinopoli  and  Ariyaldr  gronp8|  as  numerous  examples  from  Garudaman- 
galam are  present,  which  I  cannot  distinguish  from  the  Pondicherri  ones. 
Locality,  z  mile  N.  N.  W.  of  Tutipet»  Valudayur  beds. 

PuoLadomva  LUCERNA,  Forbes.     PI.  VIII,  Figs.  9,  10,  a^  b. 

1846.  Cardium   Imcerua,  Foriwt,  Trmns.  Geol.  Soc.,  LoDdoo,  and  aer.,  VII,  PI.  XVII  t 

Fi|^.  10. 
t87t«  PMadomya  eawdaia,  Stolicika  (Don  Romer),  Oet.  S.  Ind.,  VoL  III. 
This  species  is  distinguished  from  Pholadomya  cauddia,  R5mer  (Verstein. 
des  norddeutschen  Kreidegebirges,  Hannover,  z84i»  p.  76,  Taf.  X,  Tig.  8),  by  the 
less  strongly  curved  lower  margin,  and  the  almost  equally  rounded  anterior  and 
posterior  sides,  of  which  the  laUer  is  not  so  strikingly  narrowed  as  in  the  examples 
from  the  German  senonian. 

Locality,  Pondicherri  district,  Pulichapalaiam,  Tutipet,  Rautankupam,  Horizon 
B  and  C.= Valudayur  beds  ;  Tutipet,  Rautankupaim,  Trfchlikbpoli  district,  Tri- 
gonoarca beds  of  Parcheiri  and '  Serdamangalam,  upper  Trichinopofi  stage  (rep. 
lower  Ariyaldr  stage). 

CORBULA  PARSURA,  Stoliczka.    Pl.  1%,  Fig.  II,  a,  b. 

1871.  Corbula  ptinurog  Stolicska,  Cret.  S.  lad.,  VoL  III,  p.  44,sPI.  I,  Flgi.  35,  34;  PI.  XVI, 

i8g3.  Corbula  par aurof^.  Koasmat,  Eintga  KreidefefBtdnernogeii  vom    Gabaa  (Sitaber. 
d.  }l.  Akad.  d.  Wias,,  Wiea,  1893)/?  579.  'T^f.  I,'Fig.  3*  a,  b,  €. 

Of  this  easily  recognized  species  there  was  founid  in  the  Valudayur  beds  a  small 
ezatnple».  about .  3  mm.  long,  which  a^ees  with  the  described  type  specimens  from 
the  lumikchelle  of  Ganidamungalam.{[Trichinppoli  stage),  as  welt  as  with  the 
figured  spe^ciipe^  from  the  upper  cretaceous  of,  Gabiin  (West  Africa)  in  the  pecu- 
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liarly  thick  form  of  the  shell  and  the  strong  concentric  folds.  The  circumstance  is 
of  special  importance  that  this  species,  the  only  one  from  the  npper  cretaceous 
of  the  Gabnn,  which  is  to  be  identified  with  one  already  described,  passes  up  into 
the  upper  senonian  in  India,  for  I  was  formerly  already  of  opinion  that  the  fauna 
of  the  calcareous  marl  of  the  Gabun  according  to  its  general  habit  (r/.  for  example 
Echtnobrissus  allanticuif  Koss.)  belongs  rather  to  the  senonian  than  to  the  turo* 
nian,  a  determination  of  age,  which  thus  now  no  longer  contmdicts  the  fact  of  the 
occurrence  of  Corhula  parsura. 

Locality,  ^  mile  north  of  Tutipet,  Valudayur  beds. 

Tbllina  pondichbRRENSIS,  Forbes.    PI  IV,  Figs..  13,  14,  <i,  h. 

iS46.  Tgtiina}  pondieh^rfmis,  Forbes,  Traaa.G«ol.  Soc,  LoiidoD,  and  Ser.,  VI 1^ 
p.  143,  PI.  XVIll,  Fig.  15. 
Noil  1871.      Barcda  {IcanoHa)  pcndieherrfnsis,  Stolisska,  CnU  S.  lad., ,  Vol.  Ill^  p.  167, 
PI.  IV,  Fig.  5 ;  PI.  XVII,  Fig.  4, 

Of  this  species,  which  was  described  by  Forbes  as  TclUtta  ?,  but  belongs  certainljr 
to  this  genus,.  I  have  before  me  several  rather  well  preserved  ea^amples,  which 
are  all  distinguished  by  the  somewhat  long,  narrow  shape  of  the  shell,  similarly 
rounded  anterior  and  posterior  margins,  as  well  as  the  almost  straight  lower 
margin.  The  umbones  are  pointed,  placed  far  forward  towards  the  anterior  end : 
the  shell  is  thin  and  provided  with  only  fine  lines  of  growth,  Baroda  pondUhtr^ 
rensisf  Stol.»  from  the  Utatur  stage,  which  was  identified  with  this  species,  has 
a  thicker  shell,  suonger  lines  of  growth,  and  further  shows  fine  lines  radiating 
from  the  umbones. 

Locality,  \  mile  north  of  Tutfpet,  Valudayur  beds. 

Tellina  (Arcopagia)  forbbsiana,  n.  sp.    PL  IX,  Fig.  la,  a,  i,  e. 

The  figured  left  valve  of  this  species,  very  slightly  inflated,  has  a  somewhat  long 
form,  a  narrow  anterior,  and  a  broad  posterior  side,  with  the  umbo  placed  in  the 
middle.  The  posterior  part  of  the  shell  flattens  towards  the  broad,  rounded 
posterior  margin,  and  shows  extremely  fine  striation,  radiating  from  the  umbo  and 
producing  quite  a  delicate  network  of  thin  lines  of  growth,  which  disappear  before 
they  reach  the  margin.  The  dentition  is  unknown.  In  the  related  species,  Arco* 
pagia  gahunensii,  Kossmat^  from  the  upper  cretaceous  of  the  Gabun,  the  shell  is 
posteriorly  about  the  same  width  as  anteriorly,  the  concentric  sculpture  consists  of 
raised  lines,  closely  and  regularly  placed  together,  the  radiating  striae  near  the 
posterior  margin  are  more  perceptible.  Tellina  monilifera^  Gabb,*  from  the 
Martinez  group  of  California  is  more  inflated  and  has  a  rather  strongly  curved 
lower  margin  as  well  as  a  narrow,  rounded  posterior  margin.  Among  the  Indian 
species  there  is  none  which  would  require  a  close  comparison  with  the  described 
species. 

Locality*  i  mile  N.  K.  W.  of  Tutipet,  Valudayur  beds. 

1  F.  KoMflsat,  SHsua^bericfate  d.  k.  Akad.  d.  WiM,  WieB».i893»  p.  580^  Taf.  I,  Fig. 7,  a.h. 
s  PaUeootokigy  of  California.  Vol.  I,  p.  i57t  PI*  XXII,  Fig.  134. 
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TriGONOARCA  GALDRINA,  d'OrbigDy.   PI.  IX,  Figs.  I -3. 

1847-  Ar€a  galdrina,  d'Orbicny^    Voyage  de  PAstroUbe  et  de  la  Ztite.  Pkleoateloffie. 
PI.  V.  Figf.  33, 33.  ^ 

1871.  Tngtmoarca  guldHna.  StoUcaka,  Crat  S.  Ind.,  Vol.  Ill,  p.  355,  PI.  XVIIl.  Figa.  2-5. 

As  this  species,  which  occurs  in  numeroiis  examples  in  the  middle  horiions  of 
the  cretaceous  of  Pondichcrri,  but  also  begins  to  appear  isolated  in  the  Valudayur 
beds,  is  only  mentioned  by  Stoliczka  from  the  Ariyaldr  stage  of  Serdamangalam 
and  Sripermatdr,  outside  this  district,  whilst  examples  from  Pondicherri  are 
figured  only  in  d'Orbigny's  rare  book,  I  show  a  few  figures  of  well  preserved  ex- 
amples  on  Plate  IX,  There  is  nothing  to  add  to  Stoliczka's  description.  In  the 
related  species  Trigonoarca  gamana,  Forbes,  from  Pondicherri  Ooc.  cit.,  PI.  XVL 
Fig.  3),  the  space  between  the  posterior  margin  and  the  keel  which  runs  downwards 
from  the  umbo,  is  simply  rounded,  and  shows  neither  the  strong  middle  rib  nor 
the  fine  radiating  Unes  which  characterize  this  part  of  the  shell  in  Trigonoarca 
gaUnna.  Trigonoarca  gamana.  Stoliczka  (nouForb.),  (loc.  dt.,  PL  XX,  Figs.  4,  5, 
PI.  L,  Fig.  7),  from  the  Utatur  stage,  differs  from  both  the  species  named  by  the' 
thicker  shape,  and  above  all  by  the  posterior  side  being  proportionally  much  wider 
than  the  anterior ;  this  must  therefore  always  be  treated  as  a  distinct  species. 

Locality,  Pondicherri  district,  Valudayur  and  Trigonoarca  beds. 

Plicatula  sbptemcOstata,  Foibes.     PI.  X,  Fig.  i. 

1846.   Pticaiuia    sgptem-eosiaia^    Forboa,    Trana.  Geol.    Soc.,    London,    ind    aer,  VII, 
p!  155.  PI.  XVIII,  Fig.  4. 

The  two  valves  of  the  figured  example  are  about  oval  in  outline,  irregularly 
lengthened  in  the  region  of  the  umbo;  the  lower  valve  is  moderately  convex, 
the  upper  somewhat  concave  near  the  umbo.  Both  are  covered  with  strong,  raised 
ribs,  which  bear  numerous  scaly  lamellae,  corresponding  with  the  thicker  lines  of 
growth.  On  Forbes's  example  only  the  latter  are  to  be  seen,  whilst  nothing  is  to 
be  observed  of  the  lamellae  upon  the  ribs,  evidently  because  the  upper  layer  of  the 
shell  is  wanting.  (In  the  oysters  from  the  Valudayur  beds  the  outer  rough  layer  of 
the  shell  is  nearly  always  lost  in  developing  and  only  the  inner  pearly  layer 
remains.) 

Locality,  \  mile  W.  S.  W.  of  Tutipet,  Trigonoarca  beds.  Forbes's  example, 
judging  from  the  mode  of  preservation,  came  from  the  Valudayur  beds. 

Spondvlus  lamellosus,  n.  sp.,  PL  IX,  Fig.  lo,  a,  b. 

This  spedes,  related  to  Spondylus  calcaraius,  Forb.,  which  does  not  seem  to  be 
rare  in  the  Trigonoarca  beds,  is  distinguished  by  a  very  peculiar  ornamentation. 
The  surface  of  the  shell  has  radiating  folds,  with  numerous  close  set  ribs  having 
the  same  direction  as  the  folds  and  covering  them  as  well  as  the  furrows  between. 
Alternating,  strong,  concentric  lamellae,  arise  at  irregular  distances  from  one 
another,  but  soon  fade  away  at  each  end.  The  outline  of  the  shell  is  roundish, 
very  similar  to  that  of  Spondylus  calcaraius,  but  there  is  no  example  showing  the 
umbonal  region.  An  example  of  the  last-named  species,  which  Stoliczka  (loc.  cit^ 
PI.  XXX,  Fig.  7a)  figures,  shows  also  some  resemblance  in  the  ornamenution,  but 
the  ribs  are  somewhat  finer,  and  instead  of  the  strong  lamellae  there  are  only 
irregular  concentric  folds. 
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Locality,  Saidarampet,  \  mile  west  of  Rautankupam,  etc.,  Trigonoarca  beds. 

The  following  species,  not  previouslj  known  from  Pondicherri,  are  only  figured 
to  show  the  agreement  with  forms  from  the  Trichinopoli  district : — 

Siliqua  limata,  Stol.  (Vol.  Ill,  PI.  I,  Figs.  12,  13),  PI.  IX,  Figs.  4.  5. 
Phartlla  dclicatula,  Stol.  (Vol.  HI,  PI.  !•»  Fig.  14),  Pi.  IX,  Fig.  8. 
Baroda  $licita,  Slol.  (Vol.  Ill,  Pi.  IV,  Fig.  16),  PI.  IX,  Fig.  7. 
Cyprina  cristata,  Stol  (Vol.  Ill,  PI.  IX,  Fig.  i),  PI.  IX.  Fig.  9. 
Hippagus  ttmtlianus,  Stol.  (Vol.  Ill,  PI.  XIV,  Fig.  6),  PI.  IX,  Fig.  6. 
Spondylus  ariyalurensis,  Stol.  (Vol.  Ill,  PI.  XXXIII,  Fig.  5),  PI.  X,  Fig,  2. 

Terebratula  arabilis,  Forbes.    PL  V,  Fig.  4,  a  /. 

1846.  Terebratula  arahili$,  Forbes,  Tram*    Geol.  Sor^,  London,  2nd  ter«,  VII,  p.  138, 
PI.  XVIII,  Fig.  13. 

This  species  has  a  broad  oval  shape  and  pretty  regularly  inflated  valves ;  the 
foramen,  which  truncates  the  umbo  of  the  larger  valve,  is  proportionally  small,  the 
lateral  elevations  proceeding  from  it  are  rounded.  The  line  of  junction  of  the  two 
valves  is  slightly  curved,  a  single  broad  sinus,  directed  towards  the  smaller  valve, 
is  present.  The  delicately  punctured  surface  of  the  shell  shows  extraordinarily 
fine  lines  of  growth.  Where  this  very  fine  outer  layer  is  flaked  off,  another  layer 
appears,  which  is  distinguished  by  its  silky  gloss,  and  shows  in  the  umbonal 
region  fine  radiating  lines,  and  instead  of  the  lines  of  growth  is  marked  by 
very  regular  concentric  bands,  which  are  not  in  relief  but  form  part  of  the 
structure  of  the  shell.  One  sees,  namely*  with  a  lens,  that  each  band  consists  of 
scale  like  lamella,  lying  one  upon  another,  and  that  the  imbrication  of  the 
scales  is  opposite  in  two  of  the  contiguous  bands.  Consequently  those  bands 
in  which  the  imbrication  of  the  lamellao  is  turned  towards  the  light  always  show 
a  peculiar,  silky  gloss.  This  shell  structure  is  not  known  in  Terebratula  depreisa^ 
Lam.,  var.  cyria^  Walker,  which  Stoliczka  figured  from  the-^tatur  group 
(loc.  cit.  Vol.  IV,  PI.  II,  Figs.  7-8)  and  among  whose  synonyms  be  also  placed 
Trebraiula  arabilis  ;  further  the  foramen  is  larger  and  the  elevation  of  the  valves 
somewhat  greater,  and  there  are  among  the  lines  of  growth  some  developed 
into  somewhat  rugose  thickenings.  I  consider  therefore  the  two  species  to  be 
different. 

Locality,  \  mile  west  of  Rautankupam,  Trigonoarca  beds. 

Terebratula  biplicata,  Sowerby.    PI.  X,  Fig.  3,  ^,  r. 

1873.  Terebratula  biplicata,  Stolicska,    Cret.  S.  India,   Vol.  IV,  Pt  I,  p.  rg,  PI.  IV,    Fig^. 
a-17. 

The  present  species  represented  by  a  single  example  agrees  completely  with 
the  type  which  Stoliczka  has  designated  var.  karapaudensis  (Stol.,  loc.  cit.,  PI.  IV,. 
Figs.  5-9 ;  the  greatest  resemblance  is  with  figure  8). 

Locality,  \  mile  west  of  Rautankupam  (Trigonoarca  beds). 

H  EMI  ASTER  PULLUS,  StoHczka.     PI.  X,  Fig.  6,  a—d. 

1873.  Htmiaater pullus,  Stolicika,  Cret.S.  ind..  Vol.  IV,  Pt.  Ill,  p.  18,  PI.  II,  Figa.  8, 9. 
The  little  species  of  ffemias/er,  from  the  Ariyali5r  stage  of  Ariyaldr,  which  has 
been  recorded  and  very  minutely  described,  but  not  very  well  figured  by  Siolicaka, 
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does  not  appear  to  be  rare  in  the  Trigonoarca  beds,  as  there  are  in  Worth's  collection 
six  specimens,  mostly  very  well  preserved,  which  agree  remarkably  with  Stoliczka's 
types.  The  Hgured  example  (the  largest  among  the  present  ones)  shows  the 
peculiar  form  of  the  rather  deeply  depressed  ambulacral  zones  very  distinctly  ;  the 
elevation  between  the  two  posterior,  short  ambulacra  is  here  somewhat  more  distinct 
than  in  the  smaller  specimens  (see  also  Stol.,  PL  II,  Fig.  8,  ^.),  without,  however, 
developing  a  sharp  ridge,  as  in  Hemiatier  cn's/a/us,  Slot. 
Locality,  i  mile  west  of  Rautankupam,  Trigonoarca  beds. 

Hemiaster  tamulicus,  n.  sp.  PI.  V,  Fig.  5,  a— rf. 

This  species  shows  a  tolerably  regular  oval  outline,  regularly  rounded  sides, 
and  a  proportionally  inflated  lower  side.  The  part  lying  behind  the  subcentral 
(somewhat  nearer  the  posterior  side)  apex  is  distinctly  higher  than  the  part  in 
front,  inclining  at  first  steeply,  and  overhanging  in  the  region  of  the  anus.  The 
whole  surface  is  covered  with  closely  set  granules,  which  are  largest  near  the 
mouth.  The  ambulacra  are  depressed  to  a  moderate  depth  and  Bomeirhat  narrow. 
The  anterior  f unow  is  the  longest  but  disappears  before  it  reaches  the  periphery ; 
the  two  ambulacral  furrows  on  each  side  of  it  diverge  from  one  another  at  an  angle 
of  about  90^  are  very  little  curved,  broadly  club-shaped  and  show  about  16  pairs 
of  pores.  The  posterior  ambulacra  are  oval,  considerably  shorter  than  all  the 
others  and  separated  from  each  other  by  a  rounded  elevation.  The  ambulacral 
region  is  surrounded  by  a  fasciole,  which,  owing  to  the  considerable  length  of  the 
anterior  furrow,  appears  to  be  much  elongated.  The  new  species  is  very  easily 
distinguished  from  the  one  associated  with  it,  Hemtcuier  pulius,  Stol,,  by  the  simple 
oval  outline,  the  slight  depth  of  the  ambulacra,  and  the  narrowness  of  the  anterior 
furrow,  which  does  not  reach  the  margin.  Among  the  remaining  forms  of  the 
Indian  cretaceous  there  is  none  with  which  this  species  could  be  confounded. 

The  related  species  Hemiaster  soulieriy  Fallot,^  from  the  senonian  beds  of 
Dieulefit  (France),  is  proportionally  less  high,  the  anterior  ambulacra  are  broader 
and  longer. 

Locality,  \  mile  west  of  Rautankupam,  Trigonoarca  beds. 


Animal  groups  other  than  those  above  described  are  only  sparingly  represented 
in  the  fauna  of  Pondicherri. 

Of  bryozoa  there  is  only  one  species  (^Lunulites,  sp.).  Corals  are  very  rare,  and 
'owing  to  the  sandy  nature  of  the  matrix,  mostly  badly  preserved;  annelids  are 
represented  by  two  species,  Ditrupa  longissima,  Forbes,  and  Serpula  filtformis^ 
Sow.,  the  latter  of  which  (PI.  X,  Fig.  7)  was  also  known  in  the  Ariyaldr  stage  of 
Karapadi. 

On  the  other  hand,  the  sandy  limestone  of  the  Nerinea  beds  of  the  uppermos 
division  of  the  cretaceous  is  completely  filled  with  well  preserved  foraminifera 
among  which  the  genus  Orbitoides  (PI.  X,  Figs.  8-10)  is  particularly  striking  by  its 
great  frequency.  As  Stoliczka  was  also  able  to  prove  the  existence  of  this  genus 
in    the    Niniyur    beds  of    Niniyur,    Trichinopoli    district    {Orbitoides  faujassit 

1  Fallot, Terr.  cr«tac6e  dans  1e  Sud— Est.  dcta  France  :  Aonales  des.  Scieocei  G^logiques. 
•Paris,  XVIII,  1885.  p.  258,  PI.  VIII,  FigB.  a,  3. 
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Lam.;  Stol.,  Cret.  S.  Ind.,  Vol.  IV,  Pt.  IV,  p.  61,  PI.  XII,  Figs.  3-5),  this  circum- 
Btance  increases  the  agreement  which  exists  already  elsewhere  between  the  two 
groups  of  beds.  Of  other  sections  of  f oraminifera  a  few  are  specially  remarkable ; 
they  seem  to  indicate  the  genus  Amphistegina  (PI.  V,  Figs,  1 1,  la). 

General  List  op  Pondicherri  Fossils. 

The  following  list  comprises,  besides  the  fossils  represented  in  Dr.  Warth's 
collection  also  those  described  by  Forbes,  d'Orbigny  and  Stoliczka.  A  reference  to 
the  descriptions  and  figures  of  them  by  the  individual  authors  is,  I  think,  not 
necessary,  as  they  are  all  easily  to  be  found  in  the  complete  list  of  Stoliczka's 
Monograph.  Species  which  are  not  known  for  certain  to  have  been  found  in 
Pondicherri  (as,  for  instance  several  echinoderms  described  by  Forbes)  are  not 
taken  into  consideration.  The  arrangement  of  the  Pondicherri  cretaceous  into 
three  different  horizons  succeeded  tolerably  well  with  all  the  more  important 
fofsils,  especially  in  the  greater  number  of  species  established  by  Forbes, 
which  I  myself  had  the  opportunity  of  seeing.  As  to  the  fossils  described  by 
Stoliczka,  the  remarks  made  by  him  upon  the  character  of  the  rock  and  this 
association  oil  the  fossils  are  in  the  most  cases  sufficient  to  enable  the  horizon  to  |>e 
recognized.  D'Orbigny's  species,  putting  aside  those  found  also  in  more  recent 
collections,  could  not  be  provided  with  a  definite  horizon.  In  the  tablf  of 
foreign  localities  the  description  of  the  species  compared  could  not  be  cited 
for  want  of  space ;  I  therefore  quote  here  the  works  in  which  the  most  important 
are  to  be  found ;  others  are  mentioned  in  the  palseontological  part  of  this 
paper. 

The  following  is  a  list  of  the  principal  papers  containing  descriptions  yid  figures 
of  the  foreign  fossils,  mentioned  in  the  following  table  of  the  pondicherri 
cretaceottsifauna : — 

Europe     •        •         *  A.  (/^  Grtf#f^«rr^,  Les  Ammonites  de  la  Craie  supdrieure: 
M^moires  pour  servir  a  Y  explication  de  la  Carte  g£b- 
logique  d^llde  de  la  France.    Paris,  i693« 
A.  ^Orbigny:  Prodr6me  de  PaKontologie,  Puis. 

1B53.  Vol.  II., 
„ .      M  Terrains  Cr£tao^,  Paldontologie  Frangaise. 
Natal       .         .         .   C.  L.    Grietiack,    Geology     of    Natol :   Quart.  Joum. 

Geol.  Soc,  London,  XXVII,  1871,  p.  60  ff. 
Ybsso        .         .         •  JV.  Fokoyama,  Verstein.  a.  d.  Japan.  Kreide :  Pateon- 

tographica,  XXXVI,  1890. 
K.  FimbOf    Kreide    format,    v.    Hokkaido :    Palaeonto- 
logische  AbhandlungeUi  VI.  pt.  3.  Jena,  1894. 
Vancouvsr         •        •  7*.  JP«    Whiieavest    on    the    Fossils   of   the  Cretaceous 

Rocks  of  Vancouver  and  adjacent  Islands:  Geol. 
and  Nat.  Hist.  Surv.,  Canada.  Mesozoic  Fossils, 
Vol.  n.  Montreal,  1879. 
QunuQuiMA  Island  .  O.  Sietnmann,  Das  Alter  und  die  Fauna  der  Quiriqui- 
naschichten  in  Chile :  Neues  Jahrbuchi  Beilageband.  X. 
Stuttgart,  1895. 
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EXPLANATION  OF  PLATES. 
Plate  VL 

Fig.  i ."--Pachydiscus    goUevillensis,  Orb,— a,  side  view;    d,    back  view; 

c,  sutures  from  the  same  specimen ;  i  mile  W,  of  Rautankupam, 

Trigonoarca  beds. 
Fig,  2. — Pachydiscus  ganesa^  Forbes. — a,  side  view ;  3,  front  view  ;  c,  sutures 

from  the  same  specimen ;  \  mile  N.  of  Tutipet,  Valudayur  beds. 
Fig.  J. — Pachydiscus  sp,  afiF.  golUvillensts^  Orb. — a,  side  view ;  b,  front  view. 

enlarged  | ;  c^  sutures  from  the  same  specimen ;  \   mile  N.  of 

Tutipet,  Valudayur  beds. 
Fig.  4. — Baculiies  vagina,  Forbes. — <i,  side  view  ;  *,  ventral  view;  r,  section 

from  the  same  specimen ;  Rayapudupakam,  Trigonoarca  beds. 
Fig.  5,— ^a«/i7«j  iamulicus^  sp.  nov.— Back  view  of  a  septum ;  Kadaperi- 

knpam  ?,  Nerinea  beds. 
Fig.  6. — Nauiilus  tamulicus  ;  sp.  nov.— Section ;Saidaram pet,  Nerinea  beds. 
Fig^  j.^Belemnites  sp.  {  =  Belemniles fibula,  Forbes).— ^,  side  view;  ^,  sec- 
tion ;    \  mile  N.  N.  W.  of  Rautankupam,  Trigonoarca  beds. 
Fig.  S.^Pugnellus  unca/us,  Forbes,— Back  view  of  a  cast ;  J   mile  W.  of 

Rautankupam,  Trigonoarca  beds. 

Plate  VIL 

Fig.  I. ^Nautilus  tamulicus,    sp.  nov.— Side  vi^w;    Saidarampet,    Nerinea 

beds. 
Fig.  2. —  Voluiiliikes  muricaia,  Forbes.— Frpnt  view  ;    \  mile  W.  of  Rautan- 
kupam, Trigonoarca  beds. 
Fig.  j.^Gosavia  indica,  Stolic^ka. — a,  front  view;  b,  back  view;  \  mile  N.  N. 

E.  of  Raataokupam,    Valuda/ur  beds. 
Fig.  4. — Euptycha  larvata,  Stoliczka. — a,  front  view;  ^,  back  view;  Raya- 

pudupakam,  Trigonoarca  beds. 
Fig.  s.^Cerithium  karasurense,  sp,  nov.— a,  front  view  ;  *,  back  view  of  the 

last  whorl ;  Karasur,  Trigonoarca  beds. 
Fig.  6. — Cerithium  cf.   karasurense,  sp,  no  v.— a,  back  view;   b,  section  of 

another  specimen ;  Saidarampet,  Nerinea  beds. 
Fig.  7. -^Nerinea  x/.— Section  of  a  whorl ;    ij   mile  S.  S.  E.  of  Valudajur, 

Nerinea  beds. 

Plate  VIIL 

Fig.  I. -^Nerinea  j/.— Front  view,  natural  size;  i\  mile  S.  S.  E.  of  Valudayur, 

Nerinea  beds. 
Fig.  2. — Trichairopis  aff,    konnicki,  Mtlller.-^a,   back  view  ;    4,  front  view ; 

\  mile  W.  S.  W.  of  Tutipet,  Trigonoarca  beds.    • 
Fig.  3. — Turriiella  warihi,  sp.  nov.— a,  back  view  enlarged  ;  6,  fragment  from 

the  same  locality  ;  i  mile  N.  of  Tutipet,  Valudayur  beds. 
Fig.  4.-^Trochus  arcotensU,  Forbes.— a,  top  ;^,  basal;  ^sjdeview;  N.  N. 

W.  of  Tutipet,  Valudayur  beds. 
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tig^  5. —  leinosioma  cfeiaceum,  Orb. — a,  top ;  *,  basal ;  c,  side  view;   |  mile 

N.  of  Tutipet,    Valudayur  beds. 
J^i'g,  6, — Sullina  creiacea,  Orb. — tf,  front  view ;   3,  back  view ;   \  mile  N.  of 

Tutipet,  Valudayur  beds. 
Fig,  j.^Bullina  sp.^a,  front  view ;  3,  back  view ;  i  mile  N.  N.  W,  of  Tutipet 

Valudayur  beds. 
Fig.  S.^Denialium  crassulum,  Stol. — a,  side  view;  d,  section;    i  mile  N.  N. 

W.  of  Tutipet,  Valudayur  beds. 
Fig.  p. — Pholadomya   lucerna,    Forbes.— Side  view;   \  mile  W.  S.  W.   of 

Tutipet,  Trigonoarca  beds. 
Fig  10. — Pholadomya  lucerna,  Forbes. — a,  side  view ;  b,  umbonal  view ;  1  mile 

S.  S.  E.  of  Pulichapalaam,  lower  Valudayur  beds. 

Plate  IX. 

Fig.  I, -^Trigonoarca  galdrina^  Orb. — a,  side  view ;  3,  inner  view ;  i  mile 
N,  N.  W.  of  Tutipet,  Valudayur  beds. 

Fig.  2.^Trigonoar€a  galdrina.  Orb.— Side  view ;  ilmile  W.  S.  W.  of  Tutipet, 
Trigoiioarca  beds. 

^^S'  3' — Trigonoarca  galdrina,  Orb.^tf,  side  view;  3,  inner  view; a  mile  N. 
of  Saidarampet,  Trigonoarca  beds. 

^^g'  4'"~'Siliqua  lima/a,  Stol. — Side  view;  i  mile  E.  S.  E.  of  Pulichapalam, 
lower  Valudayur  beds. 

Fig.  5. — Siliqua  limata^  Stol. — Side  view  ;  J  mile  N.  of  Tutipet,  Valudayur 
beds. 

Fig.  6, — ffippagus  cemilianus,  Stol. — a,  side  view  ;  d,  front  view  of  a  cast ; 
i  mile  W.  of  Rautankupam,  Trigonoarca  beds. 

^^'g'  T^^^Baroia  elicita,  Stol.— Side  view ;  i  mile  E.  S.  E.  of  Pulichapalaam, 
lower  Valudayur  beds. 

Fig.  S.^Pharella  ielicaiuta,  Stol.— Side  view ;  {  miles  S.  E.  of  Wottai,  Valu- 
dayur beds. 

Fig.  g. — Cyprina  crisfata,  Stol. — Side  view;  J  mile  W.  of  Rautankupam, 
Trigonoarca  beds. 

Fig^  lO.-^Spohdylits  lameihsus,Bp.  nov. — a,  side  view;  3,  back  view;  Saida- 
rampet ?,  Trigonoarca  beds. 

Fig.  II. — Corhula  parsura,  Stol. — a,  side  view;  b,  umbonal  view;  \  mile  N. 
of  Tutipet,  Valudayur  beds. 

Fig.  12. — lellina  forbesiana,  sp.  nov. — a,  3ide  view ;  b,  umbonal  region,  en- 
larged ;  Ct  umbonal  view ;  i  mile  N,  N.  W.  of  Tutipet,  Valudayur 
beds. 

Fig,  13. — Tellina  pondicherremsis,  Forbes.— Side  view ;  J  mile  N,  of  Tutipet, 
Valudayur  beds. 

Fig.  i^.-^Tellina  pondicAerrensis,  FoTbes.-^a,  side  view ;  3,  umbonal  view ;  J 
mile  N.  of  Tutipet,  Valudayur  beds. 

Plate  X. 

Fig.  /.—P/«Va/«^tfjf^/««f(?j/a/tf,  Forbes.— a,  lower  valve  ;  *,  upper  valve;  J 
mile  W.  S.  W.  of  Tutipet,  Trigonoarca  beds. 
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Fig,  2. — Spondylus  ariyalurensis,  Stol. — ay  side  view;   ^,  back  view;  |  mile 

W.  S.  W.  of  TuUpct,  Trigonoarca  beds. 
Fig,  J. — Terehraiula  hiplicata,  Sow.— « ,  h^  c,  different  views ;  \  mile  W.  of 

Rautankupam,  Trigonoarca  beds. 
Fig,  4.'^T€rebraiula  arahilis,  Forbes.— a,  b,  €,  A  different  views ;  e,  part  of  the 

test  enlarged;  /^  section  through  the  test  enlarged;   \  mile  W.  of 

Rautankupam,  Trigonoarca  beds. 
Fig,  5. — HemiasUr  famulicus,  n.  sp.—  a,  h,  c,  d,  four  views  of  a  perfect  specimen 

natural  size  ; }  mile  W.  of  Raatankupam,  Trigonoarca  beds. 
lig,  6,-^HemiasUr  pullus,  Stol. — a,  b,  Cj  rf,  four  views  of  a  perfect  specimen ; 

\  mile  W.  of  Rautankupam,  Trigonoarca  beds. 
Fig^  y^^-^Serpula  filiformist  Sow.— Natural  size  \\   mile  N.  W.   of  Tutipet^ 

Valudayur  beds. 
Fig,  8, — Orbiioides  sp, — Vertical   (median)  section;    Saidarampet,   Nerinea 

beds. 
Fig,  p. — Orbiioides  sp. — Vertical  section;  i  J  mile  S.S.E.  of  Valudayur,  Nerinea 

beds. 
Fig.  10, — Orbiioides  sp, — Horizontal  (median)  section ;    \\  mile  S.S.E  Of 

Valudayur,  Nerinea  beds. 
Figs.  lit  12, — Amphisiegina  sp,  ? — Vertical  and  horizontal  section  of  different 

specimens ;   i\  mile  S.  S.  £.  of  Valudayur,  Nerinea  beds. 


Notes  from  the  Geological  Survey  of  India. 

The  occurrence  of  two  minerals,  previously  unknown  in  India,  may  be  recorded. 

Aluminiie  from  ihi  Salt  Range. — The  first  of  these,  aluminite,  occurs  in  veins 
in  the  shale  underlying  the  coal  seam  at  Chittidand  in  the  Salt  Range  and  was 
collected  by  Dr.  Warth  in  1886.  It  has  a  chalky  appearance,  but  under  the  micro- 
scope is  seen  to  consist  of  small  monoclinic  crystals.  The  hardness  is  between 
degrees  i  and  a  of  Moh's  scale,  and  the  sp.  gr.  is  1707,  being  rather  high  on 
account  of  small  quantities  of  admixed  iron.  A  portion  of  the  mineral,  freed  as 
much  as  possible  from  iron,  was  analysed  by  Mr.  Hayden  and  found  to  have  the 
following  composition  ;-• 

Ala  Os 30*08  per  cent. 

SO,  33-63     „ 

H.O 4644     .. 

CaO trace. 

ZiO  

Fe.O, „ 

100M5 


hus  indicating  the  formula  Al.Og,  SO  3,  qH.  O. 

Aliaiiefrom  Upper  Burma.'--The  occurrence  of  altaite  in  the  Choukpazat  gold 
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mine,  Wuntho,  Upper  Banna,  is  of  greater  interest,  as  it  is  the  first  recorded  occur- 
rence of  a  telluride  in  India.  Found  as  small  specks  in  quartz  associated  mxh.  free 
gold  and  auriferous  pyrites,  it  was  first  identified  by  Professor  H.  Louis,^  and  an 
analysis  subsequently  made  in  the  laboratory  *of  the  Geological  Survey  confirmed 
the  identification. 

Petroleum  in  Upper  Burma.^^The  survey  of  the  Yenangyat  oilfield  has  shown 
that  besides  the  exposure  of  pliocene  beds,  already  being  exploited,  at  Yenangyat 
there  are  two  other  exposures  along  the  same  anticlinal  which  may  be  regarded  as 
future  oilfields.  One  of  these  lies  south  of  the  Irawadi,  to  the  south'of  Singu,  in 
block  58N  of  the  Yenangyoung  oilfields  survey.  The  other  lies  to  the  north  of 
Yenangyat  and  extends  from  the  north  part  of  block  4  of  the  Yenangyat  oilfields 
survey  to  about  6  miles  north  of  the  limit  of  this  survey.  This  exposure  is  larger 
and  beds  of  miocene  age  (Prome  stage)  crop  out  along  the  axis  of  the  anticlinal, 
the  first  oil  sand  of  the  Yenangyat  borings  being  exposed  at  the  surface.  At  one 
place  the  hill  is  reported  to  have  been  on  fire  last  year,  the  fiames  being  about  3 
feet  high. 

Afud' Volcano  in  TipperaA. — On  17th  March  some  specimens  of  mud  were  re- 
ceived through  the  Director  of  Land  Records  and  Agriculture,  Bengal,  from  Mr. 
F.  G.  Gumming,  Settlement  Officer  of  Ghakia  Roshnabad,  said  to  have  been  taken 
from  ''  a  place  on  the  borders  of  the  District  of  Tipperah,  where  there  is  at  present 
a  tiny  volcanic  eruption."  In  the  same  letter  it  is  stated  that  the  villagers  said  that 
"  about  thirty  years  ago  there  was  a  similar  manifestation ;  and  that  a  mound  was 
made  over  the  spot.  All  that  is  now  visible  is  a  flame  about  6  inches  high  issuing 
from  a  hole  in  the  centre  of  this  mound,  which  is  about  five  feet  above  the  surround- 
ing lands,  which  are  rice  fields  but  quite  close  to  the  frontier  hills." 

The  dried  mud  sent  with  this  letter  was  of  the  same  type  as  that  thrown  out  by 
the  mud-volcanoes  of  Arracan  and  Minbu,  and  Mr.  Gumming's  account  left  no  room 
for  doubt  that  he  had  discovered  a  small  mud-volcano  or  salse  in  a  previously  un- 
recorded locality.  In  reply  to  an  enquiry  for  more  precise  information  as  to  the 
site,  Mr.  Gumming  reports  that  it  is  "  in  the  centre  of  cultivated  land  at  the  foot  of 
the  Tipperah  hills  on  the  eastern  boundary  of  Tipperah  district,  and  16  miles  due 
north  of  the  sadar  station  Gomilla.  The  site  of  the  little  eruption  is  in  a  viHage 
called  Ballabpur,  and  is,  as  far  as  I  can  calculate,  in  91**  15'  30*  «ast  longitude  and 
23^  40'  30*^  north  latitude.  This  village  is  not  marked  on  the  four  miles  to  the  inch 
district  map  of  Tipperah,  but  the  adjoining  village  Horepur  is." 

>  Trans.  Fed.  Inst.   Min.  Eng.,  XII»  5131  (i897)* 
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DONATIONS  TO  THE  MUSEUM. 
From  1ST  F^bruart  to  30Ttt  April  1897. 
Three  small  pieces  of  a  meteorite  that  fell  at  Nawapali,  Sambalpur  districti  Central 
Provinces,  on  the  6th  Juhe  1890,  ^t  6  p.m. 

Sent  by  the  Commissioner  of  Settlements  and   Agriculture,  Central 
Provinces,  Nagpur. 

ADDITIONS  TO  THE  LIBRARY. 

From  ist  January  to  31ST  March  1897. 

Titlts  of  Boohs,  Donors. 

Becker,  G.  F. — Some  queried  on  rotk  differentiation.    8^  PSim.,  New  Haven,  1897. 

Thb  Author. 

Bronn,  ^.  G.«— Klasseh  und  Ordhufigen  des  Theif— Reichs.  Band  HI,  lief.  24—25; 
Supplement  Band  1 V*  lief.  1—4,  and  Band  VI,  Abth.  V,  lief.  45—46. 
8°  Leipzig,  1896. 

Draghic^nu,  Math^  i/.— Les  Tremblements  de  T6rre  de  la  Roumanie  et  des  Pays 
Environnantsw    8®  Bucoresci,  1896.  Tag  Author. 

Mineral  Statistics  of  the  United  Kingdom  of  Great  Britain  and  Ireland,  with  the  Isle  of 
Man,  for  1895.    Flsc.,  London,  1896.  Government  op  India. 

Norwegian-North  Atlantic  Expedition,  1876-78.  Vol.  XXIII;  Zoology,  Tunicata  : 
Synascidiae,  by  H.  Huitfeldt— Kaas  5  Ascidiae  Simplices  and  Ascidiac 
COfnpositSB  by  Kristine  Botmevie ;  A  list  of  Norwegian  Ascidiae  Sim- 
plices by  Johan  Kiaer ;  On  gemmation  itt  Distaplia  Magnilarva  and 
Pyi-osoftia  E^eganS  b^  Kristine  Botmevie  j  and  Germ-layer  studies 
based  upon  the  development  of  Ascidians  by  Johan  Hjort.  4° 
Christiiana,  1896.  The  Committee. 

O'Riley,  E.— Report  on  the  Mineral  Resources  of  the  Martfiiban  District.  Flsc,  Calcutta, 
1865.  Government  of  India. 

Rough  conspectus  of  the  tracts  in  which  minerals  are  b^ieved  to  exist  in  Burma,  with 
12  Maps.    Flsc.,  Rangoon,  1895.  Government  of  India. 

Second  Annual  General  Report  upon  the  Mineral  Industry  of  the  United  Kingdom  of 
CtekX  Britain  and  Ireland  for  the  year  1895.  By  C.  Le  Neve  Foster. 
Flsc.,  London,  1896.  Secretary  op  State  for  India. 

Stephanescu,  S'.-^'Carte  Geologique  de  la  Roumfnie  publide  par  Mathi  M.  DraghiciSnu. 
8^  Pam.,  Bucuresci,  1891.  The  Geological  Bureau. 


PERIODICALS,  SERIALS,  etc. 

American  Geologist.  Vol.  XVIII,  No.  6  to  Vol.  XIX,  Nos.  1— 2.    8^  Minneapolis, 
1 896- 1 897. 
„         Journal  of  Science.    Series  4,  Vol   III,  Nos.  13—15.    8®  New  Haven,  1897. 

The  Editor. 
Naturalist.    Vol.  XXX,  No.  360  to  Vol.  XXXI,  Nos.  361-362.    ^«  Phila- 
delphia, 1896-1897. 
Annalen  der  Physik  und  Chemie.    Band  LX,  heft.  1—2,    8°  Leipzig,  1897. 
Annals  and  Magazine  of  Natural  History.    Vol.  XIX»  Nos.  109 — iii.    8*  London, 
1 896- 1 897. 
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Athenaum.    Nos.  3608—3620.    4®  London,  1896-1897. 

Beiblatter  zu  den  Annalen  der  Physik  und  Chemie.    Band  XX«  Nos.  Ii«-'I2«  and  XXI9 

Nos.  1—3.     8®  Leipzig,  1896-1897. 
Chemical  News.    Vol.   L.XXIV,  No.  1934    to  Vol.  LXXV,  No.  1946.    8^  London, 

1896-1897. 
Colliery  Guardian.     Vol.  LXXIL  No.  1877  to  Vol.  LXXIII,  No.  1889.    FoU  London, 

1896-1897. 
Geological  Magazine.     New  series,  Decade  IV,     VoL  IV»  Nos.   i — 3.     8^  London, 

1897. 
Indian  and  Eastern  Engineer.    Vol.  XXVIII,  Nos.  507—519.    Folio,  Calcutta.  1897. 

Thb  Editor. 
Industries  and   Iron.    Vol.  XXI,  No.  1249  to  Vol.  XXII,  No.   1261.     4"  London, 

1896-1897. 
Journal  of  Geology.    Vols.  IV,  Nos.  7—8,  and  V,  Nol  i.    4'  Chicago,  1896-1897. 
London,  Edinburgh,  and  Dublin  Philosophical  Magazines    Vol.  XLIII,  Nos.  260—262. 

8^  London,  1896-1897. 
Mineralogical  Magazine.    Vol.  XI,  No.  51.    8^  London,  1896. 
Mining  Journal.    Vol.  LXVI,  No.  3199  to  Vol.  LXVII,  No.  32TI.    Folio,  London, 

1896-1897. 
Natural  Science.    Vol.  X,  Nos.  59—61.    8*  London,  1896-1897. 
Nature.     Vol.  LV,  Nos.  1416— 1428.    4"  London,  1896-1897. 

Neues  Jahrbuch  fiir  Mineral ogie,  Geologie  und  Palaontologie.     Jahrg.  1896,  Band  II, 
heft  1—3,  and  Jahrg.  1897,  Band  I,  heft  1.    8°  Stuttgart,  1896-1897. 
„  „  Beilage-Band  XI,  heft  i.    8°  Stuttgart,  1897. 

Petermann's  Geographische  M ittheilungen.     Band  XLII,  No.   12  to  Band  iXLIII, 
Nos.  1-2.    4°  Gotha,  1896-1897.  The  Editor. 

Scientific  American.    Vol.  LX  XV,  Nos.  23— 26,  and  Vol.  LXXVI,  Nos.  x— 9.    Fol., 
New  York,  i896-i897. 
„  „  Supplement.    Vol.  XLII,  No.  1092  to  Vol.  XLIII,  No.  1104. 

Fol.,  New  York,  1896-1897. 
Tschermak's   Mineralogische'  und    Petrographische   Mittheilungen.     VoL  XVI,  heft 

5—6.    8®  Wien,  1896-1897. 
Zeitschrift  der  Gesellschaft  fur  Erdkunde    zu  Beriin.     Band  XXXI,  heft   5—6.    8^ 
Berlin,  1896. 
M  fur  Krystallographie  und  M^eralogie.  Band  XXVII,  heft  5—6.    8^  Leipzig, 

1896-1897. 
„         fur   Praktische  Geologic.    Heft  19  (1896)  and  heft  1—2  (1897).    4*  Berlin 
1896-1897. 
Zoological  Record.    Vol.  XXXII,  1895.    8®  London,  1896.  Thb  Sooibtt. 
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PIPE  AND  RAMIFYING  VEINS  OF  MICA  PERIDOTITE  IN  COKt 

~    Natjural     Su^t 


DYKE  OF  MICA    PERIDOTITE  WITH   COLUMNAR  COKE. 
f  NaUtraL    Size 


RECORDS 


OP 
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Parts.  1897-  August. 

Note  on  Flow-stnicture  in  an  Igneous  dyke,  By  Thomas  H.  Holland, 
A.R.C.S.,  F.G.Sm  Officiating  Superintendent,  Geological  Survey  0/ 
India  (with  plate  XI} . 

Amongst  the  many  striking  proofs  of  the  igneous  nature  of  the  dykes  of ''  mica- 
trap"*  occurring  so  abundantly  in  the  coalfields  of  Bengal,  two  specimens  collected 
by  Dr.  Saise  and  myself  in  the  Laikdih  Colliery,  near  Barakar,  and  now  preserved 
in  the  Geological  Museum,  Calcutta  (Nos.  10-50  and  10-47),  illustrate  in  an 
unusual  and  interesting  manner  the  condition  of  the  rock  at  the  time  of  its  intrusion* 

The  first  specimen  (No.  iO"5o)  is  a  portion  of  a  dyke  with  fringes  of  columnar 
coke  on  either  side.  The  width  of  the  dyke  is  only  8  inches,  and,  when  found,  the 
columnar  coke  extended  7  inches  outwards  on  either  side,  passing  into  the  normal 
coal  of  the  bed  through  which  the  dyke  was  intruded.  The  rock  is  a  variety  of  a 
mica-peridotite  which,  as  I  have  shown  in  a  previous  note,  is  remarkable  for  the 
large  amount  of  apatite  it  contains.^  At  the  selvages  of  this  narrow  dyke  the  rock 
is  seen  to  be  perfectly  compact,  whilst  towards  the  central  portions  the  disposition 
of  the  biotite  flakes  in  waves  shows  the  direction  in  which  the  current  was  flowing 
just  before  the  molten  material  consolidated,  the  viscous  mass  continuing  to  move 
slowly  forward  in  the  central  portions  of  the  dyke  after  the  crystallization  of  much 
of  the  biotite  and  after  the  consolidation  of  the  selvages  (plate  XI,  fig.  i).  The 
second  specimen  from  the  same  locality  (No.  TO-47)  shows  a  cross  section  of  a  pipe 
of  mica-peridotite  in  coke  only  a  inches  in  diameter,  displaying  the  concentric 
arrangement  of  the  mica  flakes  parallel  to  the  edges  of  the  circular  hole  through 
which  the  molten  matter  passed  (plate  XI,  fig.  2). 

Considering  the  number  and  size  of  the  great  intrusive  sheets  of  this  remarkable 
rock,  and  the  narrowness  of  the  dykes,  which  has  been  remarked  in  all  the  coalfields 
in  which  the  rock  occurs,  veritable  streams  of  molten  material  must  have  flowed 
along  the  narrow  dyke  fissures  from  below  to  form  such  extensive  sheets  as  that 
which  caps  the  coal  seam  at  Laikdih.  It  is  an  interesting  circumstance  to  find  this 
inference  so  strikingly  confirmed  by  such  specimens  of  *'  fossilized  "  subterranean 
streams,  which  exhibit  the  usual  character  of  streams,  namely,  greater  freedom  of 
movement  in  the  centre. 

I  have,  in  the  paper  quoted,'  referred  to  other  evidences  pointing  to  the  high 
temperature  and  mobile  condition  in  which  this  rock  must  have  been  at  the  time  of 

I  Rec.  Geol,  Sur^.  Ind..  XXVII,  129  (1894). 
»  Rcc.  Ceol  Surv.  /ttd.,  XXVIl. 
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its  intrusion,  and  it  natuxally  follows  that  such  a  mobile  condition  of  intrusion  is 
consistent  with  the  narrowness  of  the  dykes  compared  with  the  great  extent  of  the 
sheets  and  laccolitic  reservoirs  which  have  been  supplied  with  mohen  material  through 
the  narrow  dyke  fissures. 


Additional  note  on  the  Olivine*norite  dykes  at  Coonoor,  Nilgirt  Hills 
By  Thomas  H.  Holland,  A.R.C.S.,  F.G.S.,  Officiating  Superin- 
tendentf  Geological  Survey  of  India  (with  plate  XIlj. 

L-INTRODUCTION. 

1.  In  a  paper  on  the  basic  dykes  of  Southern  India  reference  was  made*  to  the 
interesting  variations  in  grain  exhibited  by  the  dykes  near  Coonoor.^  Since  tlie 
publication  of  that  paper  opportunity  has  occurred  for  examining  with  greater 
precision  the  general  conclusions  then  stated  with  regard  to  the  passage  of  the 
well  crystallized  types,  in  the  larger  dykes,  into  the  forms  with  a  vitreous  matrix,  at 
the  selvages  and  in  the  thin  veins  which  ramify  amongst  the  '*  pyroiene-granu- 
lites"  into  which  the  trap  dykes  are  mtruded. 

II.— GEOLOGICAL  CHARACTERS. 

2.  The  dykes  which  have  been  examined  at  Coonoor  vary  in  thickness  from  ten 
feet  to  one  tenth  of  an  inch.  The  widest  dykes  are  well  exposed  in  the  cutting 
made  for  the  new  gh^t  road  to  Mettapalaiyam,  whilst  a  large  number,  var>ing  from 
two  feet  in  thickness  to  thin  films,  are  beautifully  displayed  on  the  well  washed 
masses  of  rock  forming  the  bed  of  the  Coonoor  river,  immediately  below  the  bridge. 
The  rocks  into  which  the  dykes  have  intruded  are  varieties  of  the  peculiar 
hypersthene-bearing  "  pyroxene-granulites,"  which  are  such  prominent  constituents 
of  the  main  mountain  masses  of  the  Madras  Presidency.  At  Coonoor  these  rocks 
are  well  foliated  and  generally  contain  large  quantities  of  blue  quartz  and  garnet 
(Nos.  9*307,  10*669  ^^^  1 1'362).  They  include  bands  of  large  lenticular  masses  of 
pyroxene-felspar  rocks,  generally  with  biotite  (Nos.  9*303, 9*303  and  11*363),  through 
which  the  dykes  pass,  as  well  as  through  the  ordinary  pyroxene-granulite  in  which 
these  lenticles  occur.  The  strike  of  the  foliation  of  the  pyroxene-granulites  is 
east-north-east  and  west-south-west,  whilst  the  dykes  run  north-north-west  and  south • 
south-east,  or  at  right  angles  to  the  foliation  planes.  The  foliation  of  the  pyrox- 
ene-granulites was  evidently  completed  before  the  intrusion  of  the  dykes;  but 
since  the  infilling  of  the  fissures  now  occupied  by  the  "  traps,"  small  movements 
have  occurred  along  the  same  direction,  as  shown  by  the  shearing  of  one  of  the 
narrow  dykes.  The  phenomena  of  chilled  selvages,  such  as  are  described  below, 
show  that  the  pyroxene-granulites  had  previously  consolidated  and  were  compar- 
atively cold  at  the  time  of  the  intrusion  of  the  trap.  ' 
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Iir^PETROIjOGlCAL  CHARACTERS. 

3.  The  rocke,  which  show  the  variations  in  Btroctiire  described  betow,  belong,  as 
stated  in  the  paper  already  mentioned,  to  the  group  of  olivine-norites,  and  exhibit 
invariably  the  following  approximate  order  of  consofidation  of  their  essential  con- 
stituents : — 

(r)  Olivine  and  iron  ores.- 

(2)  Enstatite. 

(3)  Augite. 

(4)  nagioclase.- 

4.  The^li'piWxare  remarkable  for  tfteir  smoky-brown  colours  when4jieir  ioclu- 

.  sions  are  apparently  of  ukra-microscopic  dimensions,  and 

for  their  grey  colour  when  the  dusty  inclusions  are  suffi- 
.ciently  large*  for  individual  recognition  widi  the  higher  powers.  These  inclusions  are 
arranged  in  parallel  lines,  and  are  almost  certainly  the  representatives  on  a  very 
minute  scale  of  the  dendritic  inclusions  recognised  in  members  of  this  groups 
collected  in  other  parts  of  the  Madias  Pre»dency.^  Another  peculiarity,  well- 
displayed  by  the  olivines  of  the  Coonoor  dykes^  is  their  ragged  outline  and  en- 
veloping zone  of  stumpy  colouiless  enstatib  crystals  forming  glomero-porphyritic 
groups.  The  irregular  outline  of  each  olivine  is  probably  due  to  the  fact  that  the 
crystallization  of  the  enstatites  commenced  in  its  immediate  pFecincts>  before  the 
complete  crystallizaition  of  the  former  mineral. 

5.  In  view  of  Ae  known  fact  that  a  crystal  exerts  an  influence  on  the  magma  in^ 
CrystalUxfttion  *'coart»."     *^  immediate  neighbourhood,  the  occurrence  of  these  zones 

of  enstatite  round*  the  olivines,  fonning  glbmero-porphy- 
ritic  groups  in  the  &emierystalline  varieties  of  the  olivine-norites,  is  a  feature  of 
very  great  mineralogkal  interest  The  **  sphere,"  •*  court,"  or,  to  use  an  expres- 
sive Anglo-Indian  term,  **  compound^"  around  a  crystal  {der  Ho/  dis  KrystalUs) 
can,  as  shown  by  O.  Lehmann,^  be  strikingly  illustrated  experimentally  in  cobalt- 
chloride  solutions.  Crystals  of  hydrated  cobalt  chloride  (2CoCl..i2H,0)  are 
rose-sedin  colour,  whilst  the  anhydrous  salt  (CoG,)  is  blue.  A  solution  of 
cobalt  chloride  at  the  ordinary  temperature  is  rose-red  in  colour ;  but  on  warming, 
the  colour  changes  to  blue,  presumably  on  account  of  the  dissociation  of  the 
hydrate.  The  temperature  at  which  this  change  takes  place  depends  on  the 
concentration  of  the  solution ;  that  is  to  say,  the  blue  solution  would  become  pink  if 
the  solution  were  diluted,  without  change  of  temperature.  Now,  when  a  crystal  of 
cobalt  chloride,,  growing  in  a  blue  solution,  is  watched  under  the  microscope,  it  i$ 
seen  to  be  surrounded  by  a  pink  zone,  which  is  evidently  due  to  the  fact  that  the 
crystal,  having  drawn  material  fiom  the  zone  immediately  around  it,  has  left  that 
zcme  relatively  more  dilute  than  the  rest  of  the  solution,  and  the  cobalt  chloride 
remaining  in  that  zone  (that  is,  within  the  "court"  of  the  crystal)  exists  in  the 
more  hydrated  form. 

The  case  of  the  olivine  crystals  growing:  in  a  basic  magma  is  strictly 
analogous  to  that  of  the  cobalt  chloride.  An  olivine  forms  in  a  basic  molten 
magma  when  the  temperature  is  sufficiently  reduced  to  allow  of  the  formation  of 
the  "*  molecular  compound"  represented  by  the  formula  s(Fe^Mg)  O.SiO..    The 
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removal  of  this  basic  molecular  compound  from  the  magma  in  the  immediate 
vicinity  of  the  growing  olivine  crystal  must  result  in  the  production  of  a  zone 
in  which  there  is  a  relatively  smaller  quantity  of  the  bases  magnesia  and  ir(m»  a 
more  siliceous,  more  acid,  or  more  dilute  zone,  and  out  of  this  more  add  zone  we 
have  the  higher  silicate  crystallized  as  a  rim  of  enstatite  crystals,  whose  composi- 
tion is  represented  by  the  formula  a(Fe,Mg^0.2SiOa ;  that  is,  a  molecular 
compound  containing  twice  as  much  silica  as  the  olivine.  The  relation  which  the 
olivine  bears  to  the  enstatite  is  therefore  precisely  similar  to  that  which  the  blue 
crystals  of  cobalt  chloride  bear  to  the  pink,  more  hydrated,  form  which  exists  in 
the  surrounding  zones,  or  "  courts,"  of  the  crystals. 

6.  The  iron  ores  form  a  considerable  prc^ortion  of  the  rocks.    Besides  the 
1^^^  magnetite  and  titaniferous  ore,  a  considerable  proportion  of 

the  iron  exists  as  pyrites.  In  the  coarser  grained  rocks 
they  form  distinct  granules  with  cubic  outlines  (11*350  and  xi-351),  which  are 
noticeably  smaller  in  the  narrower  dykes  (11*356  and  x  1*3 53)^  existing  as  mere 
dust  near  the  selvages  of  veins  up  to  3  or  4  inches  in  thickness  (11*352)  and  oc- 
curring in  particles  of  ultra-microscopic  dimensions,  diminishing  the  translucency 
of  the  glassy  matrix  of  the  minutest  veins  (it'352).  In  the  last  mentioned  varieties 
of  the  rock  the  removal  0!  the  dust  from  the  matrix  immediately  surrounding  a 
crystal  of  magnetite,  showing  a  narrow  *'  court"  of  clear  glass,  is  occasionally  ex- 
hibited. 

7.  In  addition  to  its  existence  as  a  '*  courtier  "  to  the  olivine,  enstatite  forms 
isolated  well  shaped  crystals,  scattered  through  the  rock. 
It    frequently  exhibits   a    very    faint    pleochroism — the 

pleochroism  characteristic  of  rhombic  pyroxenes — and  sometimes  forms  long  crys* 
'tals  which  can  be  easily  recognised  by  the  naked  eye  in  the  finer  grained  selvage 
of  the  larger  dykes  and  in  the  narrow  veins  (11*353).  ^^^  shapes,  cleavage  and 
optical  characters  agree  with  those  of  a  rhombic  pyroxene  containing  a  compara- 
tivelylow  percentage  of  iron,  and  call  for  no  further  remark. 

8.  Augiii  is  far  less  abundant  than  the  rhombic  pyroxene,  which  is  in  agree- 

ment  with  previous  observations  concerning  the  rocks  of 
this  class.^    No  other  feature  worthy  of  special  remark  has 
been  noticed  in  connection  with  this  constituent 

9.  The  plagioclase  crystals,  both  in  the  glassy  varieties  and   in  those  with  a 

pj.  microcrystaline  matrix,  often  show  inlets  filled   with  the 

^     '  magma.    Whether  these  are  the  result  of  conosion  by  the 

magma,  or  whether  they  are  due  to  the  inclusion  of  portions  of  the  magma  by  irre- 
gularities in  the  growth  of  the  felspar,  is  not  certain*  As  plagioclase  is  the  latest 
of  the  constituents  to  crystallize,  it  is  more  probable  that  the  magma  would  be  in  a 
more  viscous  condition  than  when  the  ferro-magnesian  silicates  were  separated ;  the 
increased  viscosity  would  consequently  interfere  with  freedom  of  development  during 
the  formation  of  the  outer  (younger)  layers  of  plagioclase  in  each  crystal,  and  as  a 
result  irregularity  of  outline  would  probably  result.  This  circumstance,  together 
with  the  fact  that  the  portions  of  the  magma  protruding  into  the  plagioclase* 
crystals,  both  in  the  glassy  and  in  the  microcrystalline  varieties  of  the  rock,  are 
precisely  similar  in  character  to  the  general  matrix,  may  be  regarded  as  evidencec 
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against  the  theory  of  corrosion,  although  the  inlets  in  general  shape  and  appear- 
ance  are  at  first  sight  remarkably  similar  to  the  cases  of  presumably  corroded 
quartz-crystals  so  common  in  rhyolites.  Crystals  of  cnslatite  are  very  frequently 
found  included  by  plagioclase. 


Tig.  I.  PlagidcUse  (P)  with  inlets  fille<I  with 
basic  glass.  E.  E.  Crystals  of  eottatite. 

In  a  thin  vein  (-^  in.)  of  glassy  enstattte- 
baaalt  (oHvine-norfte  glass).    Coonoor*  X  35. 


Fig.  a.  Plagioclasefcrystal  (P)  with  inlets 
of  the  pilotaxitic  matrix.  From  olivine-norite 
dyke  3  inches  wide.  ^Coonoor* '  X  8o» 


IV.— VARIATIONS  IN  STRUCTURE. 

10.  The  variation  in  size  of  grain  is  strikingly  shown  by  a  comparison  of  sec- 
tions  taken  from  the  centres  of  dykes  varying  in  width  from  10  feet  down  to  ^ 
inch.  In  a  dyke  10  feet  wide  the  felspars  attain  a  length  of  0*025  inch  (Plate  XII, 
fig.  i).  A  section  taken  from  a  dyke  2  feet  thick  shows  the  rock  to  be  very  fine- 
grained (fig.  2),  whilst  in  a  dyke  only  4  inches  thick  the  groundmass  is  quite 
pflotaxitic  (fig«  3),  and  in  a  branch  from  this  dyke,  only  one  tenth  of  an  inch  thick, 
the  phenocrysts  of  olivine,  pyroxene  and  plagioclase  are  seen  lying  in  a  brown, 
glassy  matrix  (fig.  4).  It  is  interesting  to  note  that  the  zone  of  enstatite  forming  the 
olivine  crystal  "court"  becomes  more  marked  in  the  finer  grained  varieties; 
in  the  wide  dykes  the  crystals  of  the  groundmass  are  not  much  smaller  than  those 
of  early  formation ;  that  is,  the  rock  is  more  distinctly  porphyritic  in  the  narrower 
dykes  which  cooled  more  rapidly  than  the  larger  masses.  In  the  plate  (fig.  4)  the 
junction  of  the  glassy  variety  of  the  olivine  norite  with  the  pyroxene  grannlite  inio 
which  it  is  intruded  is  shown  in  the  left-hand  lower  part  of  the  field.  The  olivines 
of  this  thin  vein  have  been  altered  to  green  serpentine,  but  in  all  the  other  specimens 
they  are  absolutely  fresh. 
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Report  on  some  trial  excavations  for  Conindam  near  Palakod,  Salem 
District^  by  C.  S.  MiDOLEMiSS,  B.A.,  Geological  Survey  'cf  India 
(with  plate  XIII). 

INTRODUCTION. 
T.  My  preliminary  reports^  t)n  the  cornndum-bearing  T)ed9  in  the  Salem  and 
Coimbatore  Districts  having  Aown  that  a  practical  trial  as  to  the  richnessand  value 
of  the  deposits  was  advisable,  it  was  decided,  aftert^onsnltation  with  the  Govern- 
ment of  Madras,  that  the  executive  part  of  the  work  i/hould  be  carried  ot^t  by  the 
Public  Works  Department  under  the  supervision  of  the  Subdivisional  Officer  of  the 
Public  Works  Department  for  the  Tirupatur  Circle,  whilst  the  sites  to  be  tested  and 
the  general  conduct  of  the  operations  should  be  superintended  by  myself,  with  the 
'help  of  a  native  assistant  geologist,  Mr.  S.  Sethurama  Rau,  B.A.,  wbo  would  per* 
sonally  and  continuously  watch  the  operations  and  carry  out  instructions  furnished 
by  me. 

a.  I  chose  first  a  site  in^some  wa^  land  near  the  village  of  Enanahalli,  and 
about  %\  miles  south-west-by-south  of  P^lakod,  the  nearest  large  town.  The 
position  was  one  among  a  number  oft^utcrops  of  the  corundum-bearing  band,  now 
known  as  the  Paparappotti  band.  This  will  in  future  be  referred  to  as  No.  i 
working.  As  soon  as  the  necessary  formalities  bad  been  complied  with  and  the 
preparations  completed,  experimemts  were  started  in  November  1896  and  continued 
until  15th  March  1897. 

3.  Before  going  any(urther,  it  will  be  well  to  state  what  was  already  known 
concerning  these  corumhim  occunrencea.  On  my  first  visking  them  in  1894,  the 
only  information  then  available  was  that  corundum  occurred  near  Pennagaram  in 
4he  Dharmapuri  taluq,  as  shown  by  the  presence  of  specimens  in  the  Madras 
Museum,  thus  labelled,  sent  by  the  local  authorities.  Since  then  details  were  from 
time  to  time  gathered  by  ray  survey,  so  that  up  to  the  time  of  the  opening  of  the 
pits  at  workinsr  No.  i,  the  information  stood  as  follows  :-* 

(A  The  actual  matrix  of  the  coniv*dum  in  this  band  was  known  to  be  in  the 

iprm  01  lenticies  in  a  gndss,  among  which  biotite  was  prominent  as 

the  dark  mineral.    Such  of  these  lenticies  as  had  actually  been  seen 

in  situ  were,  however,  small,  the  largest  being  3  feet  by  1  foot. 

(h)  That  larger  lenticies  occurred  in  the  alluvium  covered  plain  near 

Paparappatti  and  on  the  hillsides  to  the  west,  was  however  inferred 

from  large  blocks  having  been  found  in  the  surface  debris. 

(r)  it  was  known  from  the  presence  of  oM  shallow  trenches  and  pits  in 

the  alluvium  and  surface  rock  that  corundum  had  been  dug  at  some 

previous  time  from  this  neighbourhood.    Local  information  and  the 

exposure  of  corundum  for  sale  in  the  surrounding  market  towns,  also 

made  it  certain  that  corundam  was  at  that  time  being  occasionally 

gathered. 

(tJ)  It  was  also  evident  that,  in  a  general  way,  the  strike  of  the  rock  banda 

containing  the  corundum  was  with  the  strike  of  the  country,  namely. 

Reports  to  the  Government  of  Madras,  the  first  of  wkich  «ms  reprinted  with  slight  alterttions  in 
Records^  G.  S.,  1.,  Vd.  XXIX,  pt.  s,  1896,  pp.  43-46. 
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about  north  by  east,  and  it  was  supposed  from  the  slightly  different 
character  of  some  of  the  corundum  occurrences  and  also  from  their 
position  that  more  than  one  parallel  band  of  the  rock  existed, 
(e)  The  position  of  all  the  corundum  occurrences  was  as  indicated  on  the 
accompanying  plan,  from  which  it  will  be  seen  that  the  Paparappatti 
band  extends  (but  with  some  notable  gaps)  from  Donnakuttahalli 
near  the  Cauverf  river  to  Chintalakuttai  village  near  Rayakottai,  a 
distance  of  nearly  40  miles. 

4.  The  general  object  of  the  practical  work  which  I  was  now  endeavouring  to 
carry  out  was,  as  stated  in  the  Annual  Report  of  the  Geological  Survey  for  i896» 
namely,— **'  The  excavations,  or  quarries  as  they  will  be,  are  intended  to  show  the 
thickness  of  the  corundum-bearing  bands,  and  whether  they  are  continuous  or 
occur  as  lenticular  patches.  A  fair  average  sample  of  the  rock  extracted,  of 
sufficient  size  to  give  a  trustworthy  estimate  of  the  richness  of  the  rock,  is  to  be 
carefully  cleaned  by  hand,  and  the  proportion  of  corundum  to  matrix  determined  by 
weighing." 

5.  The  nature  of  the  work  resolved  itself  into : — 

(a)  Preliminary  clearing  of  the  ground  of  jungle. 

(i)  Digging  of  trenches  until  the  corundum-bearing  rock  was  exposed. 

(c)  Blasting  and  quarrying  the  matrix-rock. 

(d)  Breaking  up  the  lumps  with  wedges  and  hammers  into  sixes  suitable  for 

demolition  by  hand. 

(e)  Cleaning  the  corundum  by  hand  and  weighing. 

(/)  Excavations  to  show  continuity  or  otherwise  of  the  rock  matnx. 

GEOLOGICAL  DETAILS. 

6.  A  brief  outline  only  will  here  be  given  regarding  the  petrology  of  the  neigh* 
bourhood  of  the  workings,  inasmuch  as  many  details  still  require  working  out.  I 
may  mention,  however,  in  particular  that  in  addition  to  biotite  in  the  fundamental 
rock  in  which  the  lenticles  occur  there  is  at  this  place  much  hypersthene  also 
present,  which  together  wiih  felspar,  quartz  and  iron  ores  makes  up  a  biotite-hyper- 
sthene  granulitic  gneiss,  and  which  is  therefore  mineralogically  a  passage  between 
the  ordinary  charnockite  series  and  the  Hosur  biotite  gneiss.  It  is  finely,  and  not 
very  distinctly  foliated,  the  strike  being  generally  between  north  and  south  and 
north-north-east  and  south -south-west.  The  dip  of  the  foliation  planes  is  generally 
steep,  approaching  the  vertical  in  most  available  sections,  hut  the  amount  and 
nature  of  the  folds  indicated  by  such  dips  are  never  definite  enough  to  allow  of  a 
sectional  represenution  of  them. 

7.  Occurring  sparingly  as  adventitious  veins  and  veinlets  in  this  gneissic  rock 
and  palpably  younger  in  age  than  it,  come  a  coarse  flesh-pink  and  white,  rather 
coarse  pegmatite,  and  some  trap  dykes.  These  veins  and  dyke^,  though  sometimes 
following  the  foliation,  also  occur  completely  irregularly.  Some  of  the  gneiss  also 
presents  the  character  which  has  been  called  "trap-shotten,"  a  feature  peculiar  in 
itself  and  too  complicated  to  be  described  in  this  note. 

8.  The  actual  matrix  of  the  corundum  in  the  workings  was  found,  as  anticipated 
from  my  previous  observations,  to  be  in  the  form  of  lenticles  in  the  gneissic  rock. 
These  lenticles  are  symmetrically  shaped  and  are  easily  recognised  by  their  cxter- 
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nal  shell  of  rock  very  rich  in  biotite,  and  by  the  paler  cbloared  central  parts  which 
are  less  rich  in  feno-magnesian  minerals.  The  exact  tninentlogical  composition 
of  these  lenticles  is  still  under  investigation,  and  both  it  and  the  origin  of  the  lenti- 
cles  offer  problems  whose  solution  will  not  be  attempted  here.  In  size  the  lenticles 
vary  from  the  very  small  ones  referred  to  in  my  previous  report  up  to  such  as  the 
one  broken  up  at  No.  i  working,  which  measured  13  feet  long,  by  8  feet  broad  and 
9  feet  deep  ;  the  shape  being  that  of  an  ellipsoid  with  three  unequal  axes.  A  plan 
showing  the  excavations  at  No.  i  working  and  in  the  vicinity  (see  Plate  XIII)  will 
sufficiently  make  clear  the  disposition,  shape  and  size  of  the  three  lenticles  which 
have  so  far  been  exposed  in  the  course  of  the  work,  and  will  indicate  the  degree 
of  probability  attaching  to  the  statement,  which  I  think  is  a  correct  one,  that  these 
lenticles  are  really  dispersed  in  a  bed,  layer,  or  plane,  and  that  therefore  they  have 
the  same  general  continuity  as  any  other  rock-band.  In  support  of  this  it  may  be 
mentioned  that  half  a  mile  west-south-west  of  Gollahalli  subsequent  trial  trenches 
exposed  a  large  lenticle,  along  the  same  line  of  strike,  and  identical  in  composition 
with  the  three  akeady  referred  to.  This  lenticle  on  partial  exposure  measured  t$ 
feet  long  by  8  feet  broad. 

As  these  lenticles  were  originally  only  indicated  at  the  snrfiace  of  the  ground  by 
the  presence  of  fragments  of  corundum  and  matrix  rock  and  by  old  shallow 
excavations,  and  as  prospecting  in  the  neighbourhood  has  revealed  a  great  number 
of  similar  indications  (roughly  represented  by  the  crosses  on  the  map),  it  seems 
to  me  only  reasonable  to  conclude  that  a  detailed  examination  of  the  neighbourhood 
foot  by  foot,  and  a  judicious  series  of  cross  trenches  would  expose  more  lenticles 
of  the  same  kind  along  the  present  line  or  along  other  parallel  lines.  At  the 
present  moment  there  must  be  about  ao  tons  of  matrix  left  at  working  No.  i,  and 
about  as  much  in  the  third  lenticle,  whilst  the  Gollahalli  lenticle  will  probably 
yield  60  tons  or  more ;  so  that  about  100  tons  of  matrii-rock  are  now  ready  to 
hand. 

9.  The  corundum  in  the  matrix-rock  occurs  in  well  shaped  crystals  which  in 
this  particular  locality  are  of  a  dark  purplish-grey  colour.  As  described  in  my. 
previous  paper,  they  are  surrounded  by  a  pale  pink  shell  of  orthoclase  from  which 
they  break  out  sharp  and  clean  like  a  kernel  from  its  shell.  Their  forms  are 
elongated  barrel-shaped  combinations  of  the  hexagonal  prism  and  pyramid.  The 
size  of  the  crystals  varies  considerably,  but  may  be  said  to  be  definitely  limited  in 
the  following  way.  The  largest  crystal  found  in  the  broken-up  lenticle  was  7  inches 
X  2  inches,  whilst  the  smallest  sizes  of  which  any  account  need  be  taken  are 
)  inch  X  \  inch.  An  average  size  for  the  crystals  in  this  lenticle,  I  should  estimate 
at  2  inches  %  |  inch. 

The  corundum  seems  to  be  quite  pure  throughout  the  lenticle,  but  in  the  course 
of  the  excavation,  Mr.  Sethnrama  Ran  found  that  a  layer  of  the  outer  disintegrated 
rock  near  the  upper  tide  of  the  lenticle  yielded  a  number  of  dark  nearly  black 
lumps  or  nodules  of  hercynite  mixed  with  corundum.  Sometimes  a  central  core  of 
corundum  was  surrounded  by  a  shell  of  hercynite.  The  latter  is  in  a  crystalline- 
granular  state,  and  has  probably  grown  in  a  concretionary  way  round  pieces  of 
corundum  as  nuclei.  Unfortunately  none  of  these  concretions  were  found  actually 
in  solid  rock,  but  inasmuch  as  none  are  present  in  the  main  mass  of  the  lenticle,  il 
is  probable  that  they  came  from  the  outer  crust  of  it  where  ferro-magnesiaik 
minerals  are  more  thickly  grouped. 
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PROPORTION  OF  CORUNDUM  IN  THE  ROCK. 

10.  One  of  the  chief  objects,  or  rather  ihe  chief  object,  of  the  practical  investi- 
gation of  these  rocks,  was  to  determine  by  careful  weighings  the  proportion  of 
corundum  in  the  matrix-rock.  To  attain  this  end,  the  broken-up  rock  was  weighed 
as  it  was  given  out  to  the  coolies,  and  the  resulting  corundum  was  collected  at  the 
end  of  each  day  and  also  weighed.  This  was  done  every  day  and  a  regular 
account  kept 

The  total  results  as  given  me  by  Mr.  t.  Ramanujam  Pillay,  Subdivisional 
OflScer,  Public  Works  Department,  in  charge  of  the  work  are : — 

7a2  cwts.  of  matrix-rock  yielded  a,845lb  of  corundum, 

or  3*5  per  cent,  nearly. 

This  total  is  considerably  lower  than  the  percentage  obtained  from  the  weigh- 
ing of  the  first  ton  of  matrix,  which  gave,  as  quoted  in  the  Annual  Report : — 
I  ton  of  matrix-rock  yielded  1501b  of  corundum, 

or  67  per  cent,  nearly. 

From  enquiry,  and  a  study  of  the  daily  returns  of  the  weighings,  the  difference 
seems  to  be  accounted  for  in  the  following  two  ways.  In  the  first  place,  when  the 
original  big  lenticle  was  blasted,  a  great  many  of  the  larger  crystals  of  corundum 
broke  away  and  fell  out,  and  they  were  straightway  included  in  the  first  weighings. 
Secondly,  all  parts  of  the  lenticle  were  not  equally  rich,  and  the  richer  parts  appear 
to  have  been  selected  first.  As  a  third  reason  it  is  possible  that  a  certain  amount 
of  pilfering  may  have  taken  place  from  the  exposed  heaps  of  matrix-rock  as  time 
went  on.  It  seems  safest  to  take  the  total  percentage  on  the  whole  work  as  giving 
probably  the  nearest  approach  to  a  true  average,  because  so  long  as  hand-work 
alone  is  used  in  cleaning  the  corundum,  if  loss  occurs  either  by  pilfering  or  care- 
lessness, such  would  also  be  likely  to  occur  in  actual  mining  operations. 

COST  OF  THE  OPERATIONS. 

11.  Although  a  small  experiment  carried  on  as  this  one  has  been  is  Kkely 
to  be  more  expensive  than  one  worked  on  a  larger  scale  as  a  paying  concern,  yet  I 
give  below  the  actual  costs  as  offering  some  evidence  under  this  head. 

The  figures  given  first  below  apply  to  the  work  done  to  the  first  two  lenticles  of 
matrix-rock  at  working  No.  i,  which  supplied  all  the  rock  broken  up  and  weighed. 
These  figures  also  were  furnished  me  by  the  Subdivisional  Officer : — 

a  a.  p. 

Clearing^  groand  of  jangle,  about 9o    o    o 

Earthwork  at  the  quarry,  diggings  trenches,  etc.  •        •        •        •        •       7150 

Blasting ••••••1190 

Breaking  matrix-rock  and  sorting  723  cwts.  ®  Ro-a^  per  cwt.      •        •      lis    6    o 

Cleaning  the  above  0  Ro-3-6  per  cwt «ii36o 

Sundries— boxes,  bags,  cartage 35o.o 

Erection  of  sheds  for  workmen    •       • aa    8    o 


Total      •  385   a  0 


or  Ro-8-7  per  cwt.  of  broken  rock, 

f>.,  Ro-8-7  per  yglh  of  cleaned  corundum. 
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Further,  it  ivas  found  that  i\  men  at  3)  annas  were  able  to  break  i  cwt.  of 
matrix-rock  and  clean  corunduiQ  from  it. 

12.  The  cost  of  making  other  excavations,  exposing  other  lenticles,  trial  trenches 
here  and  at  GoUahallt  and  near  Paparappatti  was  R354. 

13.  From  the  figures  given  in  paragraph  11,  it  will  be  seen  that  the  two  items  of 
greatest  expense  are  those  for  breaking  out  and  cleaning  the  corundum  by  hand, 
namely  (R 11 3-6-0)  X  a.  It  is  clear,  therefore,  that  if  the  extraction  of  corundum 
is  attempted  on  a  large  scale,  the  adoption  of  machinery  for  crushing  and  washing 
the  corundum,  as  a  substitute  for  band-work,  would  be  a  desideratum. 

FURTHER  EXPERIMENTS  CONTEMPLATED. 

14.  Work  for  the  present  had  to  be  closed  on  15th  March.  Meanwhile  samples 
of  the  corundum  and  matrix  will  be  sent  to  firms  in  India  and  England  for  testing 
and  valuation.  Should  their  reports  be  favourable,  and  the  percentage  of  mineral 
to  matrix  deemed  not  prohibitive,  I  shall  hope  to  make  further  trial  excavations  at 
other  places  along  the  Paparappatti  band  of  outcrops. 


Report  on  the  occurrence  of  Coal  at  Palana  Village  in  Bikanir  State 
By  Tom  D.  LaTouChE,  B.A.,  Superintendent^  Geological  Survey 
of  India  (with  plate  XIVJ. 

During  the  latter  part  of  the  year  1996.  while  sinking  a  well  at  the  village  of 
Palana  in  the  State  of  Bikanir,  a  seam  of  coal  was  passed  through  at  depth  of 
2ia  feet  from  the  surface.  A  small  sample  of  the  coal  was  sent  to  the  Geological 
Survey  Office  in  Calcutta  by  Lieutenant-Colonel  Vincent,  Political  Agent  in  Bikanir, 
for  analysis,  and  the  result,  as  given  below,  indicating  that  the  coal  was  of  fairly 
good  qualtity,  and  would  be  of  great  value  as  fuel  if  it  existed  in  any  quantity, 
especially  in  a  country  so  devoid  of  forests,  where  every  ounce  of  coal  for  the 
railway  has  to  be  imported  from  a  great  distance  and  at  enormous  cost,  it  became 
of  the  highest  importance  to  determine  what  steps  should  be  taken  to  discover  the 
extent  of  the  seam.  I. was  accordingly  instructed  to  visit  Palana  before  closing 
work  for  the  season  and  report  on  this  discovery. 

The  village  of  Palana  is  situated  in  N.  Lat.  a;^  51'  and  E.  Long.  73°  i&',  about 
13  miles  to  the  south  of  the  city  of  Bikanir.  The  country  for  several  miles  in 
every  direction  surrounding  the  village  is  entirely  covered  with  blown  sand  and 
alluvium,  no  solid  rock  being  anywhere  visible  at  the  surface.  It  is  therefore  only 
from  the  evidence  afforded  by  wells  that  any  information  can  be  obtained  about 
the  rocks  concealed  b^neatji  th^  surface.  And  not  much  can  be  learnt  from  the 
older  wells,  tfs  their  sides  are  covered  with  a  hard  cement  to  keep  them 
from  falling  in.  This  new  well  at  Palana  was  however  sunk  under  efficient 
European  supervision,  and  a  record  was  kept  of  the  strata  passed  through.  I  am 
indebted  to  Mr.  ].  E.  Gabbett,  Executive  Engineer,  Public  Works  Department, 
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^e  State  Engineer,  and  to  his  Ssb-Overseer  Gunga  Bishen,  a  most  intelligent 
tnan,  for  the  information  embodied  in  the  vertical  section  attached  to  this  report. 

The  well  is  situated  t>n  the  western  side  of  the  village  (see  plan),  and  at  the 
time  of  writing  is  988  feeft  deep.  Water  is  expected  to  be  met  with  at  about 
500  feet,  which  is  tiie  depth  of  the  old  well,  said  to  have  l^en  sunk  14  generations 
ago,  on  the  eastern  side  of  the  village,  and  about  i  mile  distant  from  the  new  one. 

A  glance  at  the  vertical  section  will  show  that  several  of  the  beds,  Nos.  IV,  V, 
VII,  XII,  passed  through  above  the  coal  contain  nummulites,  and  that  a  thick  band 
of  nummulitic  limestone  rests  immediately  upon  the  coal.  Some  distance  below 
tiie  latter  there  is  a  band  of  the  unctuous  clay  called  '  Multani  Mitti '  by  the  natives, 
wbtcfh  also  belongs  to  the  nummulitic  series,  so  that  the  age  of  the  eoal  is  estab^ 
lished  as  nummnlitic  or  lower  eocene.  It  may  be  mentioned  that  the  coal  of 
the  Salt  Range  in  the  Punjab  also  belongs  to  this  period,  and  occurs  in  a  similar 
position  beneath  a  thick  band  of  nummulitic  limestone.  That  the  conditions 
necessary  for  the  formation  of  coal  seams  were  widely  distributed  in  India  at 
this  period  is  proved  by  the  fact  that  workable  coal  of  the  same  age  occurs  not 
only  in  the  Punja(b,  but  also  in  BaMcfaistan,  in  Jammu  territory,  and  to  the  east 
in  Assam  and  Burma. 

The  coal  as  found  in  the  well  at  Palana  has  m  distinctly  woody  texture  with  a 
•dark  brown  rather  than  black  colour,  and  does  not  soil  the  fingers.  In  these 
•diaracters  it  resembles  the  cretaceous  coal  of  Assam  rather  than  the  nummulitic 
coals,  and  it  also  resembles  the  former  in  containing  numerous  specks  and  nests  of 
fossQ  resin.i  When  exposed  to  the  atmosphere  it  disintegrates  iapidly»  and  becomes: 
very  friable,  and  is  thus  not  well  fitted  for  use  in  ordinary  steam  engines,  as  the 
small  fragments  and  dust  are  liable  to  ehoke  the  boiler  tubes.  This  difficulty  can 
howev^  be  overcome,  I  believe,  by  the  use  of  special  methods  of  stoking.  An 
analysis  made  in  the  Geological  Survey  Laboratory  by  Mr.  filyth  gave  the  following 
result : — 

MoiAore    •        •        •        « 8*aQ 

Volatile  matter  •••••••..•  43*73 

Fixed  carbon      « •        •        •        «  39*28 

Ash 960 

100*00 
Sinters  slightly,  1>ot  does  not  cake. 
Ash,  light  brown. 

Calorific  power  10  heat  units  (centigrade)  7,393« 
Evaporative  power,  13*58. 

This  indicates  a  fuel  that  will  bum  rapidly  on  account  of  the  large  amount  of 
volatile  matter,  but  will  be  somewhat  deficient  in  heating  power,  owing  to  the 
comparatively  small  percentage  of  fixed  carbon.  The  small  percentage  of  ash 
is  of  course  in  its  favour.  The  seam  contains  strings  of  iron  pyrites  but  apparently 
not  in  large  quantity,  and  the  fragments  can  easily  be  picked  out  by  hand. 

In  order  to  form  an  opinion  as  to  the  area  over  which  the  coal  is  likely  to  be 
found,  we  require  to  know  first,  whether  the  coal  as  found  at  Palana  is  a  mere 
pocket,  or  whether  it  extends  to  any  considerable  distance  from  the  well,  and 
whether  within  that  area  it  preserves  a  workable  thickness,  and  secondly,  what  is 

1  Medlicott,  Rec.  G,  S.  I.,  Vol.  I.  p  13.  The  nummalitic  coal  of  the  Salt  Range  also  conUioB 
specks  of  the  same  substance. 
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the  extent  of  the  formation  in  which  it  occurs,  in  order  that  we  may  determine  in 
what  direction  further  search  should  be  made  either  by  boring  or  well*sinking. 
With  regard  to  the  first  point,  the  evidence  afforded  by  the  Palana  well  is,  it  must 
be  confessed,  somewhat  disappointing.  The  section  shows  that  on  one  side  of  the 
well  the  thickness  of  the  coal  is  8  feet,  while  on  the  other  at  a  distance  of  only  lo 
feet  the  thickness  is  reduced  to  one  half  of  this.  The  presence  imifiediately  above 
the  coal  of  a  thick  band  of  limestone  makes  it  appear  very  probable  that  this  irregu* 
larity  is  due  to  erosion  of  the  coal  seam,  during  the  changes  of  level  that  must 
have  taken  place  between  the  period  of  growth  of  the  vegetation  that  formed  the 
coal,  and  the  period  of  formation  of  the  limestone,  a  marine  deposit.  Whether 
this  erosion  was  merely  local  or  whether  it  swept  away  the  coal  over  a  large  area 
can  only  be  determined  by  actual  excavation.  I  had  some  cuttings  made  in  the 
mound  of  sand  and  debris  surrounding  the  old  well  at  Palana,  in  the  hope  of  finding 
whether  coal  had  been  passed  through  when  that  well  was  sunk,  but  with  negative 
results,  for  though  some  dark*coloured  patches  were  found,  no  fragments  of  coal 
were  discovered.  This  is  not  surprising  however  when  we  consider  that  during 
the  lapse  of  so  many  hundred  years  any  coal  that  may  have  been  brought  up 
must  have  become  entirely  disintegrated,  and  would  have  been  carried  away  long 
ago  by  the  violent  winds  so  frequent  in  the  desert. 

As  to  the  second  point,  the  extent  of  the  formation  in  which  the  coal  occurs, 
the  information  at  our  disposal  is  at  present  very  meagre.  As  mentioned  above, 
no  rock  is  seen  at  the  surface  for  many  miles  round  Palana.  To  the  west  the 
nearest  rock  seen  is  in  an  elevated  ridge,  running  from  near  Kolaith,  about 
ao  miles  due  west  of  Palana,  towards  Bikanir.  This  is  mainly  composed  of  sand* 
stones,  which  are  of  greater  age  than  the  ndmmulitics,  but  at  the  southern  end  near 
the  village  of  Mar  there  are  some  quarries  of  the  clay  known  as  '  Multani  Mitti.' 
There  are  several  bands  of  this  substance  in  the  Palana  well,  but  those  above  the 
coal,  Nos.  IV  and  VIII  in  the  section  are  mtich  inferior  in  quality  to  the  Mar 
rock,  and  the  only  band  to  be  compared  with  it  is  No.  XVI  which  occurs  at  66  feet 
below  the  coal.  Moreover,  no  limestone  or  coal  is  seen  below  the  clays  at  Mar 
and  it  is  therefore  probable  that  these  are  the  outcrop  of  beds  below  the  coal 
horizon,  and  that  the  outcrop  of  the  coal  would  occur  more  to  the  east,  in  the 
sandy  country  between  Palana  and  Kolaith. 

To  the  east  and  south  of  Palana  again  no  rock  is  seen  at  the  surface,  but  in  a 
well  at  Surpura,  the  second  station  south  from  Bikanir  on  the  railway,  at  a  depth  • 
of  lao  feet  from  the  surface,  a  band  of  white  clay  was  passed  through  which  closely 
resembles  the  band  No.  Ill  in  the  Palana  well,  at  39  feet  from  the  surface.  This 
band  in  the  Surpura  well  is  50  feet  thick,  and  if  these  are  portions  of  the  same  band 
the  coal  horizon  should  occur  at  a  depth  of  about  330  feet  in  the  Surpura  well,  of 
some  40  feet  below  the  depth  to  which  the  well  has  been  sunk.  A  boring  carried 
down  from  the  bottom  of  the  well  would  soon  decide  this  point,  and  in  case 
limestone  is  met  with  before  coal  is  found,  should  certainly  be  carried  down  to 
the  base  of  the  limestone. 

As  regards  the  steps  to  be  taken  in  order  to  prove  the  extent  of  the  seam 
discovered  at  Palana,  I  recommend  that  headings  should  be  driven  from  the  sides 
of  the  well  in  four  directions  at  right  angles  to  each  other  through  the  coal  itself. 
The  limestone  above  the  coal  should  make  a  fairly  sound  '  roof  to  the  workings. 
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so  that  it  should  hardly  be  necessary  to  timber  them,  if  they  were  not  wider  than 
4  feet.  The  coal  extracted,  supposing  it  to  be  continuous  as  far  as  the  headings  are 
carried,  with  an  average  thickness  of  6  feet,  would  more  than  pay  the  cost  of 
driving  the  headings.^  Afterwards,  supposing  that  a  sufficient  amount  of  coal  is 
proved  to  make  it  worth  while  to  start  mining  on  a  large  scale,  the  colliery  should 
be  laid  out  and  superintended  by  a  properly  qualified  miner.  When  the  existence 
or  absence  of  coal  has  been  proved  to  as  great  a  distance  from  the  well  as  can  be 
reached  by  headings,  borings  might  be  put  down  in  the  surrounding  country.  But 
at  present,  until  the  conditions  under  which  the  coal  occurs  at  Palana  have  been 
ascertained,  it  would  hardly  be  advisable  to  incur  the  ^great  expense  entailed  by 
borings  with  so  doubtful  a  prospect  of  receiving  any  adequate  return  for  the 
expenditure. 

In  conclusion,  it  may  be  well  to  mention  that  the  occurrence  of  this  coal  at 
Palana  has  no  bearing  whatever  on  the  question  of  the  existence  of  the  Gondwana 
coal  measures  in  the  desert  of  Western  Rajputana ;  a  question  fully  discussed  by 
Mr.  Oldham  in  1886.*  The  Palana  coal  belongs  to  an  entirely  different  and 
much  later  period  of  coal  formation,  and  the  existence  of  the  Gondwana  coal 
measures  in  this  region  still  remains  an  open  question. 


An  Account  of  the  Geological  specimens  collected  by  the  Afghin-Bal^ch 
Boundary  Commission  of  1896.  By  THOMAS  H.  HOLLAND« 
A.R.C.S.,  F.G.S,,  Officiating  Superintendent ^  Geological  Survey  of 
India   (with  plate  XV.)» 

I.--INTRODUCTION. 

The  geological  specimens  collected  by  Dr.  F.  P.  Maynard  and  the  other  mem- 
bers of  the  Afghdn-Baldch  Boundary  Commission  can  mostly  be  matched  by  the 

1  If  the  dimensions  of  the  h^ading^  are  6 « 4  feet,  the  yield  of  coal  for  every  100  feet  driven 
vpould  be  80  tons.  This  coold  be  raised  and  delivered  on  the  railway,  about  10  miles  distant,  for 
certainly  less  than  Rio  per  ton,  and  as  the  present  oust  of  imported  coal  is  R30  per  Ion,  the  saving 
on  every  ton  delivered  would  be'verj  large^  even  allowing  for  a  considerable  difference  in  lieatini^ 
power. 

s  Records,  XIX.  laa. 

*  This  paper  was  read  before  the  Asiatic  Society  of  Benval  in  December  1896,  and  is  printed 
here  as  it  is  considered  more  convenient  that  it  should  be  published  in  the  Records  of  the  Geological 
Survey  than  in  the  Journal  of  the  Asiatic  Society.  At  the  time  it  was  written  the  specimens  de- 
scribed were  believed  to  be  the  only  ones  brought  back  from  the  Boundary  Commission,  but  a  paper 
read  by  Lieutenant-<}eneral  C.  A.  MacMahon  to  the  Geological  Society  of  London  on  34th  March  1897 
shows  that  this  was  not  the  case.  Although  it  would  have  been  more  convenient  for  the  whole  of  the 
specimens  to  be  described  by  one  individual,  the  incompleteness  necessarily  consequent  on  the 
absence  of  the  specimens  described  by  Lieutenant-General  C.A.  MacMahon  does  not  seem  sufficient 
reason  for  not  publishing  Mr.  Holland's  observations  on  these  rocks  collected  from  a  region  of  which 
so  little  is  known.  The  description  of  the  phjrsical  features  of  the  route  is  omitted  as  it  will  be  found 
in  Captain  McMahon's  contribations  to  the  Geological  and  Royal  Geographical  Societies  in  London 
during  the  present  year.  £</• 
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rocks  obtained  by  ihe  officers  o(  the  Geological  Sumy  of  Indi»  who  have  woited 
Tv*  aTi^  of  the  country  cro««i  by  the  Bo««iaty  Conmmou.  and  on 
..«»;nw  areas  io  both  Balichirtin  and  Afghinistin.  .  .    ,  .  ^        a 

^So^e'pecimene  were  evidently  detached  from  their  origbal  beds  and 
have  Xd  *e  mual  resnlts  of  expo««  to  weather  A.  a  seen,  ^fl^^^ 
nave  suucr^u  ^r^axskm^  have  not  been  far   removed  from  theit 

natnie  oftheco«iUy**tAe^»^^  willbe««rfnl  to 

SSi'Sriho  ^y  Cf  o^-i.^  ^  Supplementing  the  work  of  the 
CoTnS"n"j:l:SngtLrockstothelrplac«««/.,a^^  obtaunng  the  daU 
necessary  for  an  investigation  of  their  geological  xelatms. 

II._PETROLOGICAL  CHARACTERS  OF  THE  SPECIMENS. 

The  r«:k8  collected  are  principally  of  igneous  origin,  *«°«^'°^7. •*';«*'*" 
thedkecrSr  the  secondary  results  of  volcanic  action.     Those  obuinedm  Ae 

.?.i?  of  the  route  followed  by  the  Commission  are  principally  ac.d  rocks, 
:l'^^u^e  anSy^^^^  whilst  those  collected  further  west-west  of  Robat 
f-air^Xdlorltes  and  andesites  with  their   corresponding  volcamc  agglo- 

meiates. 

A.— Plutonic  Rocks. 
r.»«,T,«-SDedmens  cf  granitite  obtained  from  the  Khwdja  Amrin  range 
^.embirSrpSly  colleSed  by  Mr.  C.  L.  Griesbach  and  Ula  Kirf.en  Singh 
f  K     r  «?^Sl  Sufvev  of  India.    The  specimens  obtained  from  a  peak  near 

S^  JSSco^  they  show  signs  of  crushing,  the  felspars  bemg  fequently  broken 
^dXtS*^  giving  nndulose  extinctions.  Plagiocla«.  is  the  predominaUng 
and  tt«<l"™  Lmblende  and  brown  biotite  are  the  only  ferromagmesian 
*??^*  1SS.e  oru»ta  large  crystals  ;  small  granules  of  zircon  and  lumps  of 
:.SU  af '^ommor  m  felspLs  frequently  form  miaograpbic  inter^owth. 
St^  The  rocks  show  signs  of  slight  decomposition,  with  kaolm«a».on  <rf 
rh*fe^.f«n«ationofepidoteandlo.sof  pleochroUm  in  the  hornblende  and 

*''"^!:«nT.T.-E«R.i..-On  the  Koh-malik-do-khand  (Ut.  ag^o';  Long  63"  SS") 
rock.^"  the  composition  of  granitites  and  with  the  structure  of  eun^.  The 
IScLeTc^llected.  however,  though  containing  an  abundance  of  p«ag«clase 
eTsr  «e  poor  in  ferromagnesian  silicates.  In  Some  speamens  porpiyntic 
,  ^'i-«.  rrvstals  are  the  most  prominent  consUtuents.  associated  with  a  pale 
S^ndTfewTkelof  biotitel'granular  patches  of  magneUteare  probably  the 
LXf  flision  of  a  previous  hornblende.  Magnetite  occurs  also  m  larger  tamps. 
?J^Voundn.ass  shows  a  fluidal  arrangement  of  the  miaohtes  of  felspar  and  pro- 

****SoSroMhtl^en8  are  encrusted  with  a  white,  radiating  zeolite  which 
exfoliates  before  the  blowpipe  and  fuses  to  a  vesicular  glass.    It  has  a  hardness  of 

*^SriI'eIwSfS'2ioci8efe'«P«~«^''l'*>  <"*  "^  *^"'  "outh  and  west  of 
^"t««%-r'^^^^^^^^^  ^'^^  with*e  diorites 
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approach  the  granites  in  eotnpositiOn,  whiist  others,  in  wlricfa  quiartz  is  wanting, 
are  evidently  more  basi'c.  An  example  of  a  qnartz-diorite  (quartz-hornblende 
diorite)  was  obtained  near  pillar  No.  r86  on  the  Roh-i^malik  Siah  range,  at  the 
western  extremity  of  the  line  of  march  (Lat  29^50';  Long.  6o°55').  The  rock 
showed  a  very  distinct  flow  structure,  and,  from  the  description  of  its  mode  of 
occurrence,  probably  occurred  as  a  dyke. 

Mica-augiti  diorite.-^VLoiQ  basic  diorites  occur  associated  with  the  quartz- 
diorite  of  the  Koh-i<>malik  Siah  tange.  In  one  of  the  specimens  biotite,  developed 
ophiticaly  around  itd  associates,  stretches  across  large  al^as  and  produced  a 
well  marked  lustre-mottling  in  hand  specimen.  Augite  occurs  in  colourless  crystals 
frequently  twinned.  These  two  minerals  form  a  large  proportion  of  the  rock.  Zoned 
granules  of  plagioctatse  form  the  matrix  of  the  rock,  in  which  grains  of  magnetite 
are  plentiful,  whilst  apatite,  sphene  and  zircon  are  rare*  Calcite  occurs  as  a 
secondary  product  of  decomposition. 

Aphaniie  ? — An  altered  form  of  a  rock  probably  related  to  this  group  occurs 
in  the  Sargu  hill,  cropping  up  in  the  plain  west  of  the  Khw^ja  Amr^n  (Lat.  30^23'; 
Long.  66^13').  The  rock  has  a  fine  grained  matrix  in  which  there  are  large 
quantities  of  black,  opaque  granules  mixed  with  numerous  crystals  of  plagioclase 
approaching  oligoclase  in  composition.  The  black  granules  are  probably  the  result 
of  the  reheating  of  the  rock  by  some  subsequent  intrusion  with  the  usual  destruction 
of  hornblende  microlites.  Amongst  the  glomero-porphyritic  groups  occur  crystals 
having  the  shape  and  fracture  of  olivine,  but  their  internal  structure  has  been  altered 
beyond  recognition.  Basic  and  ultra-basic  igneous  rocks  have  been  found  by 
Mr.  Griesbach  associated  with  the  granitites  of  the  Khwdja  Amrdn,  and  it  is  likely 
that  the  specimens  collected  by  the  Boundary  Commission  are  only  altered  forms 
of  better  preserved  types  in  the  Survey  Collection. 

B.— Volcanic  Rocks. 

Rhtolite. — The  ^olcanic  rocks  containing  silica  as  free  quartz  are  apparently 
the  true  representatives  of  the  g  ranitites  of  the  same  area,  containing  always  a 
marked  quantity  of  plagioclase  felspar  aiid  having  the  same  ferrOmagnesian  silicate, 
biotite  predominating.  Specimens  containing  good  examples  of  bi-pyramidal 
quartz  crystals  corroded  by  the  magma  were  collected  at  the  crest  of  the  Shibian 
pass  (4,000  feet),  in  the  hills  north  of  Chageh  (Lat.  29^17' ;  Long.  64^45'). 

Andbsftx.— A ndesites  are  by  far  the  most  numerous  amongst  the  specimens  of 
volcanic  rocks  collected  by  the  Boundary  Commission.  They  usually  contain  horn- 
blende in  some  form  as  the  ferro-magnesian  silicate,  and  generally  resemble  the 
andesites  in  the  Survey  collection  obtained  by  Surgeon-Major  Brazier-Creagh,  from 
South-East  Persia^  The  characters  of  the  rocks  collected  over  the  western  part 
of  the  route  followed  by  the  Commission  are  so  strikingly  like  those  of  South-east 
Persia  that  there  seems  little  doubt  about  their  being  part  of  the  result  of  the  same 
geological  disturbance,  of  which  the  hot  sulphur  springs  still  left  represent  the  final 
stages  of  a  dying  volcanic  outburst 

The  most  interesting  example  of  this  group  contains  the  comparatively  rare 
soda  amphibole,  arfvedsonite,  as  its  only  ferromagnesian  silicate.  The  rock  has  a 
rusted  vesicular  ground  mass,  with  the  cavities  partially  filled  in  with  chalcedony. 

'  See  pt.  IV  of  this  volume. 
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The  large  phenocrysts  of  plagioclase  arc  strikingly  zoned  by  inclusions  of  the 
glassy  matrix.  The  crystals  of  arfvedsonite  show  the  osual  outlines  and  cleavage 
of  amphibole*  with  a  well  marked  pleochroism  of — 

a  s=  light  greenish  yellow. 

b  =  yellow. 

t  s  deep  sherry  red. 

Extinction  angle  5^c  Ac  The  crystals  are  easily  fused  before  the  blowpipe: 
Specimens  of  this  rock  were  collected  near  the  Koh-malik-do-khand  (Lat.  29^40' ; 
Long.  63*^30'). 

Uomblende-andesites  were  also  obtained  in  the  same  area  on  the  hills  south  of 
Robat  I,  and,  like  nearly  all  the  andesites,  show  the  opaque  granular  resorption 
borders  so  frequently  displayed  by  the  hornblendes  in  rocks  of  this  class. 

Andesites  were  also  obtained  near  Kani  (L^t.  a9**35' ;  Long.  65^5')  ;  Gharibo  hill, 
north  of  Ddrband  (Lat.  19^17' ;  Long.  63^) ;  Amfr-chdh  (Lat.  29^16' ;  Long.  62^32') 
and  at  Saindak(Lat.  29^20' ;  Long.  6i''4oO* 

Nearly  all  the  andesites  show  signs  of  decomposition  and  are  impregnated  with 
carbonate  of  lime. 

Basalt.— Porphyritic,  amygdaloidal,  basic  rocks  occur  near  boundary  pillar 
No.  165,  west  of  Samuli  (Lat.  29°  if ;  Long.  63°  56')  the  rocks  are  highly  decom- 
posed, and,  besides  relics  of  plagioclase  phenocrysts,  contain  remains  of  what  were 
probably  olivine  crystals,  now  completely  devoid  of  original  material. 

A  basalt  dyke  four  feet  wide  was  observed  in  the  granite  crossing  the  boundary 
into  the  Afghdn  territory  near  Barabchah  (Lat.  29*^26' ;  Long.  64^5'). 

Vaxious  volcamic  products.— /'fimiV-^  was  picked  up  in  a  river  bed,  6  miles  east 
by  north  of  Amfr  Ch^  (Lat.  29^17' ;  Long.  62^34*)  and  was  probably  derived  from 
an  extinct  volcano  south  by  east  of  the  place.  The  specimens  contain  occasional 
fragments  of  felspar  crystals;  the  vesicles  are  drawn  out  into  bands  and  are 
thoroughly  impregnated  with  carbonate  of  lime. 

Volcanic  agglomerates^  composed  generally  of  rocks  related  to  the  andesites 
and  basaltSt  were  found  at  various  places ;  for  example,  at  Kambar  Koh,  a  hill  west 
of  the  Sarlat  range ;  at  Gazechah  (lat.  29^32' ;  long.  64^  so')  ;  on  the  Koh-malik- 
do-khand,  containing  fragments  of  augite  andesite  with  a  ferruginous  cement,  and, 
like  all  the  other  volcanic  agglomerates*  considerably  decomposed. 

Highly  baked  volcanic  ashes  were  obtained  in  the  Gharibo  bill  near  Dirband. 
Amongst  the  volcanic  products  also  should  be  mentioned  the  tulphufy  seleniie 
and  galena  which  occur  near  Saindak,  which  has  already  been  referred  to  as  the 
locality  from  which  specimens  of  andesite  were  obtained.  A  peculiar  soft  ferrugin- 
ous  lithomarge,  known  as  mak  or  girii  is  obtained  from  the  same  place,  and  is 
collected  and  carried  to  Kandahar  for  dyeing  purposes  by  kakars  and  babars. 
Sulphur  and  alunogen  were  also  obtained  in  the  Koh-i-Sultan. 

The  most  interesting  amongst  the  materials  indirectly  connected  with  volcanic 
action  are  the  travertines  of  the  Koh-malik-do-khand,  from  which  various  ande- 
sites were  obtained.  The  travertine  forms  horizontal  strata  three  or  four  feet  thick, 
resting  on  gravel  and  consisting  partly  of  white,  columnar  aragonite  and  partly 
of  a  yellowish  translucent  calcite  in  alternating  layers.  The  aragonite  has  a  specific 
gravity  of  2*92  and  the  calcite,  2*72.  Such  alternate  layers  of  the  dimorphous 
carbonate  of  lime  were  probably  the  result  of  formation  from  water  at  different 
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temperatures.  This  is  the  substance  evidently  refened  to  by  Dr.  J.  £.  T.  Aitchison 
in  his  "Notes  on  the  Products  of  West  Afghanistan  and  of  North-East  Persia" 
{Trans,  Ed.  Bot.  Soc^  XVIII,  reprint,  p.  7),  as  limestone  composed  of  layers  of 
different  colours  together  with  alabaster  and  "  chrysolite/'  In  a  note  at  the  end 
of  his  paper  Dr.  Aitchison  says  the  so-called  "  chrysolite  "  specimens  were  identified 
in  Edinburgh  as  aragonite  containing  traces  of  strontia.  I  am  indebted  to 
Dr.  Maynard  for  calling  my  attention  to  this  note. 

C. — Sedimentary  Rocks. 
The  few  specimens  of  sedimentary  rocks  collected  by  the  Boundary  Commission 
being  without  notes  as  to  their  stratigraphical  relations  deserve  only  a  brief  record 
of  their  characters.  Shales,  limestones,  quartzites  and  conglomerates  were  brought 
from  the  neighbourhood  of  the  Khw^ja  Amrdii.  In  the  conglomerate  the  pebbles 
were  slightly  rounded  and  composed  of  quartz,  quartzites  and  granitic  rocks,  the 
last  sometimes  showing  most  perfect  micrographic  structures.  The  quartzites  and 
conglomerates  are  impregnated  with  infiltrated  carbonate  of  lime.  Coxal  limestones 
in  rolled  fragments  were  found  at  the  foot  of  the  Sarlat  range,  and  on  the  east  side 
of  the  gorge  at  Amfr  Chdh. 

D.— Economic  Minerals. 

Near  Kartlrkar,  Kacha  Koh,  and  Saindak  which  are  evidently  close  to  the  site 
of  a  dying  volcanic  centre^  specimens  of  excellent  transparent  selenite,  native 
sulphur  and  galena  were  obtained.  Sulphur  and  alumstone  were  also  obtained  in 
the  Koh-i-Sultan  near  the  site  of  an  extinct  or  dying  volcano.  The  soft  ferruginous 
lithomarge,  known  as  mak  or  gtri  and  used  for  dyeing,  occurs  in  the  hills  south  of 
Saindak  and  in  the  Koh-i-Sultan. 

The  remains  of  extensive  copper  smelting  works  were  discovered  near  Robat  II 
(Lat.  29^49';  Long- ^i''^'). 

A  large  dried  up  salt  marsh  occurs  near  the  northern  end  of  Lora  Hamun  (Lat. 
39^27';  Long  64^52').  The  salt  being  in  the  vicinity  of  recently  extinct  volcanoes 
is  probably  of  volcanic  origin. 

Limestone  occurs  at  various  places,  and  a  yellow  translucent  caldte  was  found 
in  the  neighbourhood  of  the  Koh-malik-do-khand. 


Notes  from  the  Geological  Survey  of  India. 

Dysluitefrom  Afadras. — ^A  new  mineral  and  a  new  locality  for  a  rare  mineral 
may  be  recorded.  Dysluite,  the  zinc-iron-manganese  variety  of  gahnite  has  been 
found  in  the  corundum-bearing  granite  of  Padiyur  in  Coimbatore,  in  veins  with 
felspar*  qoartz  and  zircon. 

Columbite  from  Hazaribagh. — A  new  locality  for  this  mineral  may  be  recorded, 
specimens  from  the  Government  forest  of  Kodenna  in  Hazaribagh  having  been 
presented  to  the  Museum  by  Mr.  Gow  Smith.  The  present  specimens  differ  from 
those  previously  recorded  from  Nawadih  (Rec.  zxvii,  p.  8)  in  having  a  considerably 
higher  specific  gravity,  vis.^  6*19  as  against  5*54, 
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Earthquake  op  i2rH  June. 

On  the  afternoon  of  the  lath  June,  at  five  o'clock  in  the  afternoon,  Calcutta 
was  startled  by  a  shock  of  earthquake  such  as  it  had  never  felt  before ;  many  houses 
were  more  or  less  injured,  the  steeples  of  two  churches  broken  off,  and  hundreds 
of  people  rendered  homeless.  Soon,  however,  it  became  evident  that  other  places 
had  suffered  far  more  severely  than  Calcutta.  Railway  and  telegraphic  communi- 
cation was  cut  off  and  it  was  only  as  the  days  wore  on  and  news  tardily  arrived 
from  the  north  and  from  the  east  that  we  found  ourselves  faced  with  a  cataclysm 
which  rivaled  the  classic  earthquake  of  Lisbon  in  violence  and  extent. 

No  sooner  were  we  aware  of  the  scale  of  the  event  we  had  to  deal  with  than 
preparations  were  made  for  its  thorough  investigation.  The  immediate  succession 
of  the  rainy  season  on  the  earthquake  rendered  it  imperative  that  observation  of 
its  effects  should  be  made  with  all  possible  promptitude,  and  every  officer  of  the 
Geological  Survey  then  in  Calcutta  was  despatched  to  observe  and  investigate. 
At  the  same  time  orders  had  been  issued  by  Government  to  the  local 
authorities  to  report  fully  on  the  effects  of  the  earthquake.  All  the  telegraph 
offices  throughout  India  were  instructed  to  report  the  time  at  which  it  was 
felt,  and  similar  information  was  called  for  from  all  the  station  masters  on  the 
lines  of  Railway  within  the  area  likely  to  be  affected.  Circulars  have  also 
been  widely  distributed  and  communicated  to  the  press,  which  has  readily  assisted 
in  the  endeavour  to  collect  information. 

The  replies  to  these  circulars  and  the  reports  called  for  from  Government 
officials  are  now  pouring  in  at  a  rate  which  defies  satisfactory  analysis,  but  some  of 
the  main  facts  about  the  earthquake,  which  have  been  already  established,  may  be 
noticed  here. 

The  area  over  which  the  earthquake  was  felt  is  enormous.  On  the  east  it  has 
been  reported  as  felt  from  the  furthest  extreme  of  Assam,  at  Mogok,  Magwe,  and 
Akyab  in  Burma ;  on  the  south,  at  Masulipatam  in  Madras,  and  Elllchpur  in 
Berar ;  from  Surat,  Ahmedabad,  Mount  Abu,  Ajmere,  Panipat  and  Simla  on  the 
west.  On  the  north  it  was  felt  at  Katmandu ;  at  Gnatong.  on  the  frontier  of  Sikkim 
and  Thibet,  it  was  severe  enough  to  overthrow  some  of  the  barrack  chimneys,  and 
it  is  reported  to  have  been  felt  at  Lhassa.  Besides  these  observations  which  are 
free  from  doubt,  the  shock  appears  to  have  been  just  perceptible  to  a  few  people, 
particularly  sensitive  or  specially  favourably  situated  in  Dharmsala,  Madras  and 
Pegu.  Omitting  these  last,  there  remains  the  fact  that  the  range  of  the  shock  was 
over  24  degrees  of  longitude  and  16  degrees  of  latitude  or  an  area  of  over  1,500 
miles  in  length  and  1,000  in  width,  or,  say,  1,275,000  square  miles  in  all. 

The  area  over  which  the  shock  was  destructive  is  also  great ;  from  Darjtling, 
Monghyr  and  Calcutta  on  the  west,  to  Jorhat  on  the  east,  damage  and  occasional 
destruction  was  caused  to  buildings,  but  this  destructive  force  reached  its 
maximum  in  Shillong,  Cherrapunji  and  Tura.  In  Shillong,  it  may  be  said  almost 
without  exaggeration,  that  not  one  stone  has  been  left  standing  on  another.  All 
masonry  buildings  have  been  levelled  to  the  ground,  and  this,  not  by  overthrow,  but 
by  a  shattering  of  the  walls  into  fragments,  on  the  top  of  which  the  roof  subsided. 
The  nature  of  the  destruction  will  be  best  understood  by  a  reference  to  Plate  XVI, 
which  gives  a  view  of  Government  house  after  the  earthquake,  drawn  from  a 
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photograph  taken  by  Mr.  F.  H.  Smith,  of  the  Geological  Survey.  The  other 
drawing  on  the  same  plate  shows  the  influence  of  construction ;  the  central  portion 
of  the  hotel  was  bailt  of  stone  and  has  been  shaken  to  the  ground.  '  The  two  ends, 
however,  which  were  additions  to  the  original  building  and  built  of  a  wooden  frame- 
work filled  with  reeds  plastered  vith  mud,  have  stood  though  severely  shaken. 

At  Shillong  it  is  possible  to  form  some  idea  of  the  violence  of  the  shock.  In 
1 88a  a  seismometer  composed  of  a  series  of  cylinders  of  various  diameters  was 
set  up.  The  largest  of  these  is  12"  by  9*  diameter,  and  the  whole  series  was 
overthrown  to  the  north-eastwards.  According  to  Omori's  formula  a  cylinder 
of  these  dimensions  would  be  overthrown  in  a  direction  away  from  the  origin  of 
the  shock,  as  these  were,  by  a  velocity  of  wave  particle  of  2  feet  per  second  and  if  w« 
take  the  period  of  vibration  as  i  second  which  is  about  that  of  the  more  severe  shocks 
in  Japan,  this  would  imply  a  range  of  motion  of  7*4  inches.  In  other  words,  the 
violence  of  the  shock  at  Shillong,  while  it  lasted,  was  at  least  equal  to  a  backward 
and  forward  shake  of  7  inches  repeated  60  times  a  minute.  If  the  range  of  move- 
ment was  less,  the  rate  of  shaking  must  have  been  greater;  if  the  movement  wa^ 
slower,  the  range  of  motion  must  have  been  greater  in  the  same  proportion. 

That  few  structures,  except  those  most  strongly  braced  together  or  possessed  of 
a  very  great  flexibility,  could  stand  this  is  not  difficult  to  understand,  and  the 
violence  of  the  to  and  fro  movement  will  perhaps  be  best  appreciated  from  the 
fact  that  the  very  boundary  pillars  have  been  shaken  to  pieces  and  heaps  of  broken 
road  metal  by  the  roadside  were  scattered  out  in  layers  of  a  few  inches  deep. 

Earth-fissures  and  sand-craters  are  reported  throughout  the  alluvial  plains  from 
Purneah  on  the  west,  to  Jorhat  on  the  east.  They  are,  as  is  well  known,  only  super- 
ficial and  secondary  results  of  the  earthquake  wave,  but  afiFord,  among  other  in- 
formation, instances  of  the  extraordinary  manner  in  which  observation  may  be 
influenced  by  imagination.  Numerous  accounts  speak  of  a  strong  sulphurous  smell 
of  smoke  issuing  from  the  vente  and  of  hot,  even  boiling  hot,  water  being  poured 
forth.  More  temperate  accounts  show  that  the  sulphurous  smell  was  that  of  decay- 
ing vegetable  matter,  that  the  smoke  was  dust,  and  that  the  heat  of  the  water  was 
no  greater  than  was  to  be  expected  in  the  middle  of  June.  Closely  allied  in  origin 
to  the  sand  vents  was  the  filling  up  of  all  the  drainage  channels,  tanks  and  wells 
over  large  areas.  That  this  was  not  due  merely  to  an  outpouring  of  sand,  but  to  an 
actual  forcing  up  of  the  bottoms  of  the  hollows  is  shown  by  the  eflEect  on  bridges, 
whose  piers  have  been  forced  bodily  upwards,  as  is  shown  in  Plate  XVIl' 
reproduced  from  one  of  the  admirable  series  of  photographs  taken  by  Messrs! 
Kapp  &  Co.  of  Calcutta.  The  other  figure  on  the  same  plate,  reproduced  from 
one  of  the  same  series  of  photographs,  shows  how  the  rails  have  been  affected  by 
the  movement  of  the  surface  alluvium  consequent  on  the  shock. 

The  rate  of  transmission  of  the  wave  was  very  high,  in  fact  it  has  been  stated  in 
newspapers,  and  frequently  spoken  of,  as  having  been  felt  simultaneously  throughout 
Northern  and  Eastern  India.  Such  was  not  the  case,  however,  though  the  time 
the  wave  took  to  travel  from  ite  origin  to  the  furthest  point  at  which  it  was  sensible 
to  unaided  observation  does  not  appear  to  have  been  more  than  8  minutes.  The 
very  large  number  of  time  observations,  of  every  degree  of  accuracy,  which  have  been 
communicated,  have  not  yet  been  discussed,  and  no  definite  statement  can  be  made, 
but  a  few  selected  at  random   as    apparently  good  give  an   average   rate    of 
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transmission  of  about  10,000  feet  per  second  or  over  iia  miles  per  minute.  This 
result  indicates  the  order  of  magnitude  of  the  figures  we  have  to  deal  with,  tho  gh 
it  cannot  be  accepted  as  final,  or  more  than  very  approximate.  The  prevalent  idea 
of  the  simultaneousness  of  the  shock  is  disproved  by  a  quaint  report  by  the 
telegraph  master  of  Chupra,  who  relates  that  he  was  working  Durbhunga  when 
there  was  suddenly  a  stoppage  due  to  the  earthquake  at  Durbhunga,  and  the 
signaller  leaving  the  instrument  there,  and  immediately  afterwards  the  earth- 
quake was  felt  by  him.  According  to  the  daily  papers  a  similar  incident  took 
place  at  Dhubri,  which  was  at  the  time  in  communication  with  Goalpara. 

Beyond  the  area  over  which  the  earthquake  was  felt  its  efiEects  were  traced 
instrumentally  at  Bombay,  where  the  instruments  in  the  magnetic  observatory 
were  affected  by  a  disturbance  commencing  between  four  and  five  minutes  past 
four,  local  time,  or  16  h.  34  m.  Madias  time,  that  is,  6  minutes  later  than  the 
shock  was  felt  at  Calcutta,  and  about  9  minutes  after  the  probable  time  at  which 
fhe  shock  started  on  its  way  from  the  place  of  origin,  somewhere  below  the  Garo 
or  Khasia  hills. 

The  effects  of  the  shock  are  said  to  have  been  traced  at  Grenoble ;  and  at  Edin- 
burgh a  letter  from  Mr.  Heath,  Assistant  Astronomer,  to  Nature^  gives  the  time  at 
which  the  tremors  were  first  felt  as  June  nth,  23  h.  18  m.  G.  M.  T.;  they  lasted 
about  10  minutes  and  then  ceased,  and  violent  oscillation  again  set  in  at  o  h.  3a  m. 
G.  M.  T.  of  13th  June  and  continued  up  to  i  h.  12  m.  They  were  equivalent  to  a 
tilting  of  the  ground  through  ao  seconds  of  arc.  Greenwich  mean  time  June  i  itb, 
23  h.  18  m.  (astronomical)  corresponds  to  Madras  time  16  h.  39  m.  of  Z2th  June, 
(civil) ;  o  h.  32  m.  G.  M.  T.  of  13th  June  corresponds  to  Madras  time  17  h.  53  m. 
of  1 2th  June.  If  both  t!hese  sets  of  tremors  were  due  to  the  same  earthquake  the 
first  must  have  travelled  the  distance  from  the  origin  to  Edinburgh,  starting  at  about 
16  h.  25  m«  Madras  time,  in  14  minutes,  the  other  in  i  h.  28  m. 

These  few  notes  form  no  adequate  account  of  the  earthquake ;  this  is  in 
preparation,  but  the  collection  and  discussion  of  the  information  will  take  some  time. 
Meanwhile  what  has  been  written  will  serve  to  show  the  order  of  magnitude  of  the 
cataclysm  of  12th  June  1897,  an  earthquake  unsurpassed  by  any  since  the  great 
Lisbon  earthquake  of  ist  November  1755,  ^^^  rivalling  this  in  magnitude  of  the 
area  over  which  it  was  felt,  surpassing  it  indeed  if  we  exclude  the  doubtful  records 
of  the  earlier  shock. 

Sisijuly  1897.  R.  D.  OLDHAM. 
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ERRATA  IN  Vol.  XXX,  Pt.  3- 


Pa^'e  134  lines  33  and  24  /br  "About  10  minutes  and  then  ceased,  and  violent 

"*  oscillation  again  set  in  at  oh.  ^zm.  G.  M.  T.  of  13th  June  and  continued  up  to 

ih  lam  "  read  "  for  10  minutes  when  suddenly  violent  oscillation  set  m  and 

lasted  till  oh.  33m.  G.  M.  T.  of  June  lath;  giving  place  to  slight  tremors  which 

continued  till  ih.  um." 

Page  134,  Une  27, /or  "  13th  June  ''  read  **  lath  June." 


bu.t  diCFered  more  or  less  in  the  amount  of  alteration  they  had  undergone,  which 
could  be  roughly  judged  by  eye  through  variations  in  colour  and  translucency. 
The  sample,  I  selected,  was  one  of  those  which  appeared  to  have  undergone  the 
least  change. 

It  consists  of  a  mass  of  straight,  very  fine,  highly  flexible  and  elastic,  easily  separ« 
able  fibres  eight  inches  long,  which  seem  clearly  to  have  formed  part  of  a  vein. 
Some  particles  of  serpentine,  adherent  to  one  end  of  the  specimen,  indicate  that  the 
rock  in  which  brucite  has  generally  been  found  elsewhere  is  the  probable  matrix 
in  Afghdnistdn  also.  The  ends  of  the  specimen  show  that  the  fibres  were  not 
perpendicular  to  the  walls  of  the  vein,  as  is  more  usually  the  case  with  fibrous 
minerals,  but  made  an  angle  with  the  walls  of  about  20^  (or  160°). 
Whether  this  was  due  to  a  local  twist  in  the  direction  of  the  ^alls  at  the  spot  from 
'  Reprinted  from  the  Mioeralocical  Mai^Asine,  Vol  X,  No.  52,  pp.  211*214. 


934  Records  of  tie  Geological  Survey  of  India.  [vol.  xxx. 

which  the  specimen  was  taken,  or  is  common  to  the  whole  vein,  I  do  not  know^ 
Both  ends  of  the  specimen  show  very  obvioas  signs  of  chemical  alteration,  but  the 
central  part,  for  about  five  inches,  is,  to  all  outward  appearance,  both  to  the  naked 
eye  and  under  the  microscope,  perfectly  fresh ;  and  that  it  has  not  undergone 
any  considerable  change  is  shown  by  the  absence  of  both  carbonic  acid  and 
ferric  oxide.  The  sample  used  for  examination  was  of  course  taken  from  this 
central  portion. 

Transverse  to  the  direction  of  the  fibres  the  colour  by  reflected  light  is  sea-green 
with  a  silky  lustre :  by  transmitted  light  pale  to  dark  sea-green  according  to  the 
thickness  of  the  specimen ;  the  extreme  red  and  the  violet  being  the  rays  most 
strongly  absorbed,  together  with  the  blue  if  the  thickness  be  sufficiently  great* 
Looked  at  by  transmitted  light  parallel  to  the  direction  of  the  fibres,  the  colour 
is  very  similar.  In  a  specimen  an  inch  long  the  colour  is  sufficiently  intensified  to 
approach  a  pale  emerald  green.  The  colour  of  the  mineral  is  doubtless  due, 
mainly  at  least,  to  the  unusually  large  amount  of  ferrous  oxide  it  contains.  Neither 
transverse  nor  parallel  to  the  direction  of  the  fibres  is  there  any  perceptible 
dichroism. 

A  section  perpendicular  to  the  direction  of  the  fibres '  shows  no  dark  cross 
or  rings  in  convergent  polarised  light ;  in  parallel  light  with  crossed  nicolsthe  field 
is  rather  brightly  illuminated,  and  revolution  of  the  nicols  together  does  not  alter 
the  illumination.  A  cylinder  of  the  fibres,  again,  lying  parallel  to  the  stage  of 
the  microscope,  exhibits  double  refraction,  and  no  alteration  in  the  phenomenon  is 
observable  during  a  revolution  of  the  cylinder  on  its  own  axis.  The  axis  of 
greater  optical  elasticity  is  in  the  direction  of  the  fibres.  The  above  observations 
are  in  consonance  with  the  statement  of  L^vy  and  Lacroix  that  in  nemalite  '*  les 
fibres  sont  allong^es  suivant  un  des  c6t6s  de  I'hexagone  et  negatives,''*  and  with 
the  optically  positive  character  of  brucite,  nemalite  included.  But  they  apparently 
indicate  that  the  vertical  cry  stall  ographic  axes,  ^ ,  in  the  different  fibres  (which  are 
so  minute  that  in  a  cross  section  they  are  individually  quite  invisible  under  the 
microscope*),  lie,  not  in  parallelism  with  each  other,  but  in  varying  directions  in 
the  plane  perpendicular  to  the  cross  section  of  the  fibres. 

The  value  obtained  for  the  specific  gravity,  at  60°  F.  is  2*454 ;  a  high  result 
which  must  be  ascribed  to  the  large  amount  of  iron  present. 

The  mineral  gave  on  analysis  (free  from  hygroscopic  moisture)  :«— 

Oxygen  ratio.  * 
Macfnesia        •        .        • .    62*00  34*58 )   ^ 

,.75}a6-33-i'oo3 

36*34>»l 

99-80 
A  faint  trace  of  lime  was  detected  spectroscopically. 

„  *  Prof.  Hidden,  who  was  pretent  when  this  paper  was  read,  remarkedl  that  in  the  nemalite  of 
Hoboken,  New  Jersey,  there  is  a  similar  obliquity  between  the  direction  of  the  fibres  and  that  of  the 
walb  of  the  vein. 

■lamindebtedtoProfe«orJ.  W.  Judd,  C.B  .  for  Idndly  having  the  section  cut  forme,  and 
also  for  several  references  bearing:  on  the  subject  of  brucite. 
*  Ln  M%niT%u»  des  RocKes,  1888,  p.  61 3. 
4  With  lireir  magnification  of  180. 
»  Mg""24  36 J  Fe-"s6*o,  H—i'oo;6. 


Ferrous  oxide 

• 

7-87 

Manganons  oxide    . 

• 

tr. 

Water     . 

• 

39*55 

Silica      . 

. 

•38 
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The  only  point  in  which  the  above  figures  differ  noticeably  from  Mr.  Blyth's 
is  in  the  smaller  amount  of  iron.  But  the  portion  used  in  his  analysis  was  from 
a  different  specimen,  obtained  at  a  different  time,  and  possibly  from  a  different 
part  of  the  vein ;  and  more  or  less  variance  in  the  relative  proportions  of  the 
isomorphous  oxides  is  what  might  be  expected. 

The  silica  is  left  undissolved  by  hydrochloric  acid  in  the  form  of  translucent 
tangled  fibres,  which  dissolve  in  a  hot  solution  of  sodium  carbonate.  They  are 
indistinguishable  in  appearance  from  the  silicious  fibres  which  remain  when 
chrysotile  is  decomposed  by  the  same  reagent.  As  nemalite  and  chrysotile  are 
both  usually  found  under  similar  conditions — ^in  the  form  of  veins  traversing  ser- 
pentine— it  seems  not  unnatural  that  the  two  allied  magnesian  fibrous  minerals 
should  coexist,  intimately  mixed,  in  the  same  vein,  and  it  appears  not  improbable 
that  such  is  the  case  in  the  substance  under  discussion. 

If,  then,  the  silica  be  regarded  as  a  constituent  of  chrysotile,  and  to  the  latter 
be  assigned  the  theoretical  composition  of  the  mineral,  with  the  magnesia  and  iron 
in  the  same  proportions,  relatively  to  each  other,  as  in  the  nemalite,  the  above 
analysis  will  stand  as  follows: — 


Chryiotfle. 

Nemalite. 

Calculated  to 

100. 

Oxygea  ratio. 

Magnesia     •        .    '35 

6r6s 

62-32 

»j:;^},6.47-..oo. 

Ferrous  oxide        •    *04 

7-83 

r92 

Manganous  oxide.     ... 

tr. 

tr. 

Water                  .mi 

a9-44 

89-7« 

a6-43-i 

Silica           .        .    -38 

'88  98*91  100*00 

99'8o 

Granting  the  existence  of  the  chrysotile,  whether  it  should  be  regarded  as  formed 
synchronously  with  the  nemalite,  or  as  present  owing  to  one  mineral  having 
been  altered  into  the  other,  I  do  not  know.  As  previously  remarked,  the  substance 
analysed  showed  no  indication  of  change,  unless  the  presence  of  silica  be  regarded 
as  such.  On  the  other  hand,  a  portion  of  the  substance  near  the  end  of  the 
specimen,  where  it  was  obviously  changed,  contained  2*26  percent,  of  silica  fibres  = 
5-28  per  cent,  of  chrysotile,  or  six  times  as  much  as  the  portion  analysed.  But  this 
excess  of  silica  was  accompanied  by  the  presence  of  carbonic  acid  and  ferric  oxidet 
which  might  therefore  perhaps  be  expected  to  accompany  the  smaller  amount  of 
silica  (38  per  cent.)  also,  if  the  latter  were  due  to  alteration  of  the  nemalite ;  and  the 
large  percentage  of  silica  may  be  caused  merely  by  original  unequal  distribution 
of  chrysotile  through  the  specimen. 

Near  the  ends  of  the  specimen  the  original  green  colour  is  changed  to  a  light 
hair-brown,  the  mineral  still  retaining  its  translucency,  the  alteration  being  due  to 
a  very  partial  peroxidation  of  the  iron.  Beyond  that  again  the  fibres  are  white, 
with  a  pale  reddish  tinge,  and  comparatively  opaque.  These  (besides  the  silica 
mentioned  above)  contain  a  considerable  quantity  of  carbonic  acid,  owing  to  the 
nemalite  having  been  more  or  less  fully  converted  into  hydromagnesite  ;  and  the 
ferrous  is  .largely,  or  entirely,  changed  to  ferric  oxide.  There  is  al  so  a  certain 
amount  of  non-fibrous,  and  scaly,  or  in  part  stellate  .lamellar  hydromagnesite  on 
the  ends  of  the  specimen,  formed,  apparently,  by  deposition   on  the  nemalite,  not 
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by  alteration  in  situ.  This  hydromagnesite  encloses  some  magnetite,  which  may 
perhaps  be  taken  as  representing  part  of  the  ferrous  oxide  of  the  nemalite  (from 
some  other  portion  of  the  vein),  from  which  the  deposited  hydromagnesite  was 
probably  formed. 

Fibres  of  the  nemalite  held  in  the  zone  of  fusion  of  a  Bnnsen  burner,  shine 
with  the  rather  high  luminescence  of  ignited  magnesia.  As  they  possess  consider- 
able tenacity,  as  well  as  much  flexibility,  there  is  little  doubt  that  it  would  be 
possible  to  weave  some  kind  of  fabric  from  them,  which  might  be  used  for  incan- 
descent mantles.  But  in  face  of  the  superior  luminosity  of  the  materials  already 
employed,  and  the  easier  process  of  manufacture,  there  is  little  reason  to  anticipate 
that  such  an  application  of  the  nemalite  would  be  commercially  profitable.  And, 
further,  even  were  the  use  alluded  to  more  promising,  nothing  is  known  at  present 
as  to  the  quantity  in  which  the  mineral  could  be  obtained. 


On  a  Quartz- barytes  rock  occurring  in  the  Salem  district,  Madras  Presi- 
dency. By  T.  H.  Holland,  A.R.C.S.,  F.G.S.,  Officiating  Superin- 
tendent, Geological  Survey  of  India  iwith  Plate  XVIII). 

When  barytes  occurs  as  one  of  the  "  spars"  of  compound  mineral  lodes,  such, 
for  instance,  as  its  common  occurrence  in  galena  lodes,  the  constituent  minerals 
generally  present  the  "  banded"  and  "comby  "  structure  which  is  supposed  to  be 
the  result  of  successive  deposition  of  minerals  in  a  gradually  widening  fissure. 
The  same  mineral  also  occurs  infilling  cavities  in  amygdaloidal  traps,  cavities 
in  fossils,  fissures  in  limestones  or  sandstones*  and  often  also  as  a  cement  binding 
together  the  sand-grains  in  the  latter  rock — occurrences  which  suggest  a  secondary 
origin  for  the  mineral,  and  also  point  to  its  deposition  by  precipitation  from 
aqueous  solutions.  The  concretionary  nodules  found  in  some  clays,  and  amongst 
the  deep-sea  deposits,  are  also  formed  by  the  chemical  precipitation  of  barium 
sulphate  from  solution  in  water. 

2.  But  the  occurrence  of  this  mineral  with  quartz,  forming  a  network  of  veins, 
such  as  have  recently  been  discovered  in  the  Salem  district,  appears  to  be  unique  in 
character,  and  can  hardly  be  explained  by  the  theory  applied  to  the  commoner 
occurrence  of  barytes  in  mineral  lodes.  About  midway  between  Mittur  and 
Alangayam  (lat.  1 2^38' ;  long.  78*^47')  in  the  Tirupatur  taluk,  Salem  district,  two 
low  hills  are  found  to  be  formed  largely,  and  as  far  as  could  be  seen  in  the 
southern  part  of  the  western  hill  entirely,  of  a  rock  composed  of  quartz  and 
barytes,  whilst  numerous  veins  of  the  same  material  are  found  penetrating  the 
cr}'8talline  rocks  in  the  neighbourhood.^    These  veins  are  found  stretching  as  far 

>  The  valley  in  which  the  town  of  Alan^yam  lies  separates  the  Yelafpri  Hi  Is,  composed 
principally  of  a  porphyritic  augite  syenite,  from  the  Javadi  Hills,  composed  of  c^neissoee  rocks  with 
vkhich  beds  of  magnetic  iron  ore  arc  found  associated. 


Holland. 


GEOLOaiCAL     SURVEY     OF    INDIA. 

Reeonl8,Vol:  XXX  fl.XVlll. 


■{S^M^  amb  »UiTn»l«.i 


DISTRIIUTI9N    OF   THE   QUARTZ -lARYTES    ROCK    NEAR    ALAN6AYAM. 


PART 4.]  Holland:  Quarts-baryies  rock  in  Salem.  237 

«8  \Iangayam»  a  distance  of  two  miles  north  of  the  main  plezns,  and  as  far  as 
Andiyappanur,  a  distance  of  five  miles  southwards  ;  bui  in  the  latter  instance  the 
outcrop  is  only  traceable  for  a  distance  of  half-a-mile  in  a  N.E. — S.W.  direction 
on  the  south-eastern  side  of  the  village  of  Andijappanur ;  but  as  the  main  mass 
of  the  rock  lies  to  the  north-east  of  Andiyappanur,  that  is,  the  direction  of  the 
oatcrop  of  the  vein,  it  is  more  than  probable  that  this  vein  is  merely  an  offshoot 
from  the  main  mass  south-west  of  Alangayam,  its  outcrop  being  covered  by  the 
cultivated  alluvium  which  extends  over  the  intermediate  area. 

3.  The  prevailing  rock  of  the  area,  through  which  the  quartz-barytes  rock  is 
injected  as  veins,  is  a  pyrozenic  gneiss,  presenting  a  mottled  appearance  in  hand- 
specimens,  and  showing  under  the  microscope  a  considerable  advance  towards  the 
change  of  the  pyroxene  into  amphibole.  But  in  addition  to  the  gneiss,  veins  of  the 
quartz-barytes  rock  are  found  crossing  dykes  of  microgranitic  rocks,  which,  though 
intruded  before  the  injection  of  the  quartz-barytes  rock,  must  have  been  erupted 
subsequently  to  the  foliation  of  the  gneiss.  Although  the  actual  contact  has  not 
been  observed,  the  quartz-barytes  vein  near  Andiyappanur  shows  a  continuous 
outcrop  across,  and  at  right  angles  to,  a  very  thick  dyke  of  augite-diorite,  similar 
to  the  common  trap-dykes  which  in  South  India  are  generally  regarded  as  the 
representatives  of  the  Cuddapah  lava-flows  {Rec,  G.  S.  L,  Vol.  XXX,  p.  16). 
It  is  probable,  therefore,  that  the  quartz-barytes  rock  is  younger  than  this 
trap. 

4  The  veins  of  quartz-barytes  rock  vary  in  thickness  from  mere  strings  to 
dyke-like  masses  several  feet  across,  and  the  fissures  which  they  occupy  instead  of 
lying  within  a  few  degrees  of  the  vertical,  as  is  commonly  the  case  with  undis- 
turbed trap-dykes,  are  found  with  their  flat  surfaces  lying  at  all  angles  to  the 
horizon. 

5.  But  the  size  of  the  veins  seems  to  have  no  recognisable  connection  with  the 
sizes  of  the  crystals  composing  them  ;  even  in  the  thin  strings  the  barytes  forms  large 
crystals,  and  on  this  account,  as  much  as  on  account  of  the  colour  of  the  minerals, 
the  rock  presents  a  most  remarkable  resemblance  to  an  acid  pegmatite  when  first 
seen  in  the  field.  The  barytes  crystals  are  scattered  through  the  quartz  in  a  most 
irregular  manner ;  there  is  no  parallel  disposition  with  regard  to  the  sides  of  the 
vein,  and  no  trace  of  the  *'  comby  "  structure  which  so  often  characterizes  mineral 
lodes.  There  is,  in  fact,  no  reason  for  supposing  that  the  conditions  under  which 
this  material  was  injected  into  the  veins,  were  essentially  different  to  those  under 
which  the  material,  when  of  a  different  chemical  composition,  crystallizes  as  a 
pegmatite.  The  distances  to  which  some  ofthe  veins  are  found  to  extend,  and 
their  uniformity  of  composition  throughout,  show  that  the  substance  originally 
injected  must  have  been  in  a  fluid  state.  The  idiomorphic  outlines  presented 
by  the  barytes,  and  the  complete  absence  of  any  other  mineral  after  which  it 
might  possibly  be pseudomorphous,  point  to  its  occurrence  as  a  primary  constituent. 
We  conclude,  therefore,  that,  whatever  may  have  been  the  conditions  of  tem- 
perature under  which  it  was  injected,  this  peculiar  rock  has  been  formed  by  the 
consolidation  of  a  mobile  magma  from  which  quartz  and  barytes  separated  as  the 
principal  results  of  its  primary  crystallization. 

6.  The  veins  of  thi6  rock  are  made  up  principally  of  quartz  and  barytes, 
with  which  there  occur  very  much  smaller  quantities  of  galena,  pyrite,  ilmenite 
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bematite  and  limonite,  the  last-named  two  minerals  occurring  with  a  dirty  clay  in 
the  decomposed  specimens. 

To  form  an  estimate  of  the  relative  proportions  of  quartz  and  barytes,  the  two 
main  constituents,  60  specimens  were  determined  by  Mohr's  speci6c  gravity  method 
by  Mr.  T.  R.  Blyth,  under  Mr.  H.  H.  Hayden's  superintendence.  The  results  were 
as  follows : — 


Number  of  piaoei 

UMd. 

Weight  in  grammes. 

Water  displaced  in 
cubic  centimetres. 

A 

2799'o5 

986-30 

B 

1851*10 

446-15 

C 

1606-45 

555-90 

D 

1650-59 

515-54 

E 

139295 

465*»5 

F 

« 156-45 

341-30 

G 

n 

884*01 

261-00 

H 

6 

60579 

227-00 

I 

815*05 

299-00 

J 

964-99 

317-00 

K 

5»9-09 

189-00 

L 

633-28 

235*00 

M 

733-ai 

234-00 

N 

581-31 

902*00 

0 

475-18 

180*00 

P 

671-85 

245-00 

Q 

826-73 

287-00 

R 

7ai*S5 

271*00 

S 

739-80 

267-00 

T 

589-82 

2o8*oo 

U 

•                475-58 

164*00 

V 

Total 

564-36 

i8a*oo 

21268*39 

7078*34 

The  average  specific  gravity  of  the  rock  is  thus  — 

31268*39 

. —  =  3-005 

7078-34 

Knowing  then  the  specific  gravity  of  the  rock  to  be  3-005,  and  that  of  its  two 
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principal  constituents  to  be  2*65   and  4*30  respectively,  the  percentage  composi- 
tion of  the  rock  can  be  determined  as  follows  : — 

Taking  x  to  be  the  percentage  proportion  of  quartz,  (100 — x)  must  be  that  of 
barjteSy  then — 

100 

3'oo5#"^_j_^.g^  -I-  (xoo— jr)+4'3 

from  which  x  is  found  to  be  69*2.    The  percentage  composition  of  the  rock 
is  thus — 

Quartz 69*2 

Barytes -SO-S 

lOO'O 

This  result  confirms  our  decision  in  rejecting  the  theory  of  pseudomorphism 
after  felspar  which  was  considered  in  paragraph  5 ;  for  the  proportion  of  quartz  to 
felspar  in  pegmatite,  at  least  in  the  graphic  varieties,  is  quite  difiEerent  (cf.  Teall, 
British  Petrography,  p.  40a). 

In  view  of  the  presence  of  the  accessory  minerals  mentioned  in  paragraph  16, 
a  special  test  for  gold  was  made  by  Mr.  Blyth,  with  the  result  that  19  lbs.  of  the 
rock  yielded  gold  iirthe  proportion  of  13  grains  to  the  ton.  Although  this  is  of 
course  well  below  a  profitable  minimum,  the  area  seems  quite  worth  further 
testing  on  a  larger  scale. 

Quartz. 

7.  The  natural  colour  of  the  quarU  varies  from  white  to  grey— the  colours  of 
the  common  vein  quartz  frequently  found  in  the  neighbourhood  of  intrusive  rocks. 
The  true  colour  of  the  quartz  is,  however,  generally  masked  by  ferruginous  stains 
produced  be  rusty  infiltrations  along  the  cracks,  which  are  sufficiently  numerous  to 
render  all  specimens  of  the  rock  easily  friable. 

8.  Microscopic  sections  show  the  quartz  to  be  composed  of  an  aggregate  of 
irregularly  interlocking  crystals,  which  are  very  variable  in  size,  sometimes  an 
inch  or  two  across,  and  at  other  times  quite  microscopic.  The  white  and  grey 
colours,  as  well  as  the  imperfect  transparency  of  the  quartz,  are  evidently  due  to 
the  innumerable  microscopic  cavities  seen  in  section.  These  cavities  are  often 
arranged  in  bands,  and  are  sometimes  filled  with  liquids  containing  bubbles.  In 
one  specimen  of  quartz,  which  was  distinctly  blue  in  colour,  small  zircons  and 
long,  hair-like  inclusions  were  abundant.  The  resemblance  of  this  quartz  to  that 
which  is  found  so  abundantly  in  the  charnockite  series  of  the  same  district, 
suggests  the  foreign  origin  of  this  particular  piece,  although  no  further  in- 
stances of  included  older  rocks  have  been  found. 

Barytes. 

9.  The  barytes  occurs .  as  crystals  often  measuring  a  or  3  inches  across,  which 
generally  form  groups  of  several  individuals.  The  junction  surfaces  between  the 
barytes  and  the  quartz  often  agree  with  crystal  faces  of  the  former  mineral.  Thus 
indicating  that  the  period  of  crystallization  of  the  barytes  was  on  an  average  in 
advance  of  that  of  the  quartz. 

KQ.  When  transparent  the  <^olour  of  the  crystals  varies  from  grey  to  pink,  and 
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in  thin  cleavage  plates  thej  are  colourless ;  bat  most  of  the  crystals  are  disfigured 
by  rrregnlar,  cream-coloured  patches  vhich  are  nearly  opaque.  These  patches  give 
the  crystals  a  remarkable  resemblance  to  kaolinized  orthoclase  when  first  seen  in 
the  field.    One  specimen  showed  a  zonal  disposition  of  black  inclusions. 

11.  The  basal  and  th^  prismatic  cleavages  are  perfectly  displayed  in  every 
{Hece,  whilst  thin  sections  cut  parallel  to  the  basal  plane  show  an  additional,  but 
noticeably  less  perfect,  cleavage  parallel  to  the  brachypinacoid  (oio).  Several 
determinations  made  on  a  basal  section  gave  an  average  of  78^  30'  and  101^30' 
as  the  angles  between  the  prismatic  cleavage  cracks. 

1 2.  The  perfect  display  of  cleavage  cracks  facilitates  the  preparation  of  sections 
parallel  to  the  pinacoidal  faces  for  the  purpose  of  examining  the  optical  characters. 
Sections  cut  parallel  to  the  macropinacoid  (ico),  that  is,  at  right  angles  to  the 
basal  plane  and  bisecting  the  acute  angles  of  the  prismatic  cleavage  cracks,  show 
the  biaxial  figure  in  convergent  polarised  light,  from  which  the  positive  character 
of  the  double  refraction  is  easily  proved,  whilst  the  optic  axial  angle  is  seen  to  be 
small.  The  line  joining  the  optic  axes  in  these  sections  lies  ^t  riftht  angles  to  the 
basal  cleavage  cracks,  consequently  the  optic  axial  plane  must  be  parallel  to  the 
brachypinacoid  (010).    The  optical  scheme  is  thus — 

a  IB  < 
&  -  k 
c        —        « 

which  is  confirmed  by  using  the  quartz  wedge  on  the  baaal  and  brachypinacoidal 
sections. 

One  of  the  most  interesting  features  in  connection  with  these  sections  is  the 
remarkable  difference  between  the  colours  displayed  by  the  macropinacoidal  and 
those  shown  by  the  other  pinacoidal  sections  between  crossed  nicols.  Thin 
sections  cut  parallel  to  the  macropinacoid  show  extremely  low  colours,  as  low  in 
fact  as  the  grey,  whilst  sections  of  the  same  thickness  cut  parallel  to  the  other 
pinacoids  polarise  with  reds  and  blues  of  the  first  order.  This  interesting  pheno- 
menon is  evidently  due  to  the  fact  that  there  is  a  much  smaller  difference  between 
the  maximum  and  the  mean  than  between  the  mean  and  the  minimum  coefficients 
of  elasticity,  or,  which  is  the  same  thing,  the  refractive  indices  a  and  &  approach 
one  another  very  closely — a  fact  which  finds  expression  in  the  narrowness 
of  the  optic  axial  angle.  The  values  of  the  refractive  indices  for  the  D  line  given 
by  Dana^  after  Arzruni  are  : — 

a   «       1*63609 
6   ■•      1*63712 

y      =  1*64795 

We  have  therefore — 

/3 — Qi. '00103  J    y— fl— *oio83,  and  7— a— 'oiiSe 

Whilst,  therefore,  the  basal  sections,  containing  y  and  jS,  and  the  brachypinacoidal 
sections,  containing  y  and  o,  show  comparatively  high  double  refraction,  higher 
indeed  than  that  of  quartz,  the  macropinacoidal  sections,  containing  &  and  o,  show 
a  very  low  double  refraction,  lower  even  than  that  of  apatite.  As  one  result  of 
this  interesting  circumstance  the  small  granular  crystals  of  barytes,  frequently 
found  filling  in  cleavage  rifts  in  the  larger  individuals  appear  as  a  brightly  polai^ 

I  System  of  Mineralogy,  6th  Ed.,  page  902. 
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ising  mosaic,  whilst  the  macropinacoidal  section,  forming  the  principal  part  of  the 
field,  exhibits  low  grey  colours.  Owing  to  the  strain  phenomena  the  character  of 
the  dispersion  could  not  be  made  out  with  certainty ;  in  fact,  as  a  result  of  this 
strain  the  colour  dispersion  appears  to  be  as  often  ''  crossed  "  as  of  the  rhombic 
type. 

13.  The  macropinacoidal  section  soften  show  a  very  imperfect  lamellar  twinning 
parallel  to  the  brachydome  (on).  The  traces  of  these  twin-planes  appear  on  the 
basal  surfaces  as  very  fine  lines  bisecting  the  obtuse  angles  of  the  rhombic  cleavage 
cracks.  As  many  of  the  crystals  are  noticeably  bent,  the  twinning  is  probably 
secondary  and  due  to  pressure,  as  was  shown  by  £.  S.  Dana^  to  be  the  case  with  the 
so-called  micheM6vyte  described  by  Lacroix,  and  in  other  instances  by  Max  Bauer. 

14.  The  cream-coloured  patches  already  alluded  to  are  less  transparent  under 
the  microscope.  Apparently  the  barytes  has  been  altered  along  these  areas  and 
irregular  cavities  have  been  produced  by  removal  of  the  material  in  solution.  In 
the  clear  and  unaltered  parts  of  the  crystals  also  there  are  bands  of  cavities  with 
liquids  containing  bubbles ;  but  these  have  a  different  origin. 

15.  The  average  specific  gravity  of  the  crystals  is  4*30.  Examination  before 
the  blowpipe  gave  the  usual  reactions  for  barytes,  indicating  the  presence  of  barium 
by  the  apple-green  flame  and  of  sulphur  by  the  sulphide  stain  on  silver.  Many  of 
the  specimens  are  distinctly  fetid  when  rubbed.  A  chemical  analysis,  made  by 
Mr.  T.  R.  Blyth  under  the  superintendence  of  Mr.  H.  H.  Hayden,  in  the  Geological 
Survey  Laboratory,  gave  the  following  results  : — 

Moisture 0*04 

Loss  on  ignition 0*26 

Silica ...       0*63 

Ferric  oiide  and  alumina 0*93 

Barium  sulphate  (Ba  SO4) 94*  15 

Calcium  sulphate  (Ca  SO4) 4*01 

100*02 

The  chemical  analysis  thus  confirms  the  physical  evidence  as  to  the  great 
preponderance  of  barium  sulphate  in  these  crystals,  and  the  replacement  of  a  small 
proportion  of  the  barium  sulphate  by  the  isomorphous  sulphate  of  lime  accounts 
for  the  slightly  low  value  of  the  determined  specific  gravity  (4*30).  Taking  the 
specific  gravity  of  pure  barium  sulphate  (barytes)  to  be  4*40,  and  of  pure  sulphate 
o(  lime  (anhydrite)  to  be  2*95,  a  mixture  (rf  the  two  compounds  in  the  above  pro- 
portions would  have  a  specific  gravity  of — 

36*16 

04.31 

94*15+4*4  *•*  4*01+3-95 
which  closely  agrees  with  the  observed  specific  gravity  of  the  crystals. 

Accessory  Minerals. 
1 6.  Compared  with  the  quartz  and  barjrtes,  the  minerals  galena,  pyrite,  ilmenite, 
hematite  and  limonite  occur  in  extremely  small  quantities,  and  show  a  tendency  to 
local  concentration,  with  the  result  that,  whilst  nearly  all  these  accessories  are  repre- 
sented by  small  crystals  in  some  specimens,  in  others  they  are  entirely  absent.    Of 
Amur*  Journ,  ScL,  3rd  Mr.,  Vol.  XIX  (1890)^  p.6i. 
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these  accessory  minerals  galena  appears  to  be  the  most  widely  distributed,  pyrites 
occurring  next  in  order  of  abundance.  Both  these  minerals  appear  to  be  original 
constituents  of  the  rock ;  but  the  limonite  and  hematite  are  more  probably  second- 
ary, as  they  are  found  infilling  cavities,  which,  from  their  shapes,  were  apparently 
formed  by  the  removal  of  bar3rtes  in  solution  by  secondary  causes. 

Summary. 

The  rock  described  in  this  note  is  composed  almost  wholly  of  quartz  and  baiytes 
in  the  proportion  of  7  of  the  fonner  to  3  parts  of  the  latter  mineral.  A  portion  of  the 
barium  in  the  barytes  has  been  replaced  by  lime ;  analysis  of  the  crystals,  which 
have  a  specific  gravity  of  4-30,  showing  4*01  per  cent-  of  lime  sulphate.  With  the 
quartz  and  barytes  occur  very  small  quantities  of  galena,  pyrite,  ilmenite,  hematite 
and  limonite,  the  last  two  named  being  of  secondary  origin.  Aii  assay  of  the  rock 
yielded  13  grains  of  gold  per  ton. 

This  rock  forms  a  large  plexus  of  veins  cutting  through  the  pyroxenic  and  other 
gneisses  between  Alangayam  and  Andiyappanur  in  the  Tirupatur  taluk,  Salem 
district.  These  veins  vary  in  thickness  from  mere  strings  to  dyke-like  masses  several 
feet  across,  and  through  them  all  the  barytes  is  apparently  uniformly  distributed. 
The  quartz  and  barytes  are  considered  to  be  normal  original  constituents*  which 
have  separated  from  an  injected  mobile  magma  like  many  commoner  pegmatites 
of  a  different  composition ;  but  no  evidence  is  forthcoming  concerning  the  tem- 
perature of  the  magma  prior  to  consolidation.  There  are  none  of  the  ''banded" 
and  ''  comby  "  structures  of  mineral  veins,  and  no  signs  of  possible  derivation  by 
pseudomorphism  from  ordinary  pegmatite. 


Note  on  a  worn  femur  q\  Hippopotamus  irravadicus,  Caut.  and  Falc,  from 

the  Lower  Pliocene  of  Burma,  by  Fritz  Noetling,  Ph.D.,    F.G.S. 

Palxontologist,   Geological  Survey   oj    India  (with   Plates  XIX  and 

XX). 

While  mapping  the  country  around  the  petroleum  field  of  Yenangyonng  I 
discovered  on  the  eastern  side  of  the  Yenangyonng  anticline,  about  50  feet  above 
the  ferruginous  conglomerate  (zone  of  Hippoihtrium  antelopinum  and  Aceroiherium 
pirimeme\SLnd  about  half  a  mile  to  the  north  from  the  place  where  the  flints*  were 
found,  a  remarkable  bone  sticking  out  from  the  face  of  a  low  cliff.  There  was  no 
doubt  that  this  bone  was  in  situ  when  found  by  me,  and  that  it  was  in  an  undis- 
turbed position,  there  being  no  signs  that  it  had  been  touched;  in  fact,  it  took  some 
time  to  free  it  from  its  resting  place. 

At  this  place  a  few  layers  of  ferruginous  conglomerate  are  formed  above  the 
zone  of  Hippotherium  antelopinum,  interstratified  in  the  soft  yellow  sandstone. 
These  layers  of  conglomerate  are  sometimes  only  a  few  inches  in  thickness,  and 
a  few  feet  in  length,  dying  out  rapidly  in  any  direction  and  forming  therefore 
patches  of  smaller  or  greater  extension  in  the  sandstone. 

The  composition  of  some  of  these  patches  is  a  peculiar  one ;  they  are  made  up 
I  Rcc.  Geol.  Surv.  Ind..  1S94,  XXVil,  pp.  101-103. 
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of  small  pieces  of  drift  wood  fossilized  into  hydroxide  of  iron,  small  pebbles  of 
white  quartz^  or  of  a  ferruginous  claystone,  and  rolled  fragments  of  bones  all  mixed 
up  together  in  a  heap  exhibiting  exactly  the  features  of  a  heap  of  shingle  on  the 
sea-shore,  and  it  was  in  one  of  these  that  I  discovered  the  femuriithich  is  the 
subject  of  this  paper, 

It  was  resting  horizontally  on  its  posterior  side,  lying  flat,  with  the  polished  faces 
of  the  distal  end  directly  on  a  layer  of  soft  sandstone.  The  shingle  was  heaped 
around  it  but  did  not  fully  cover  it.  I  distinctly  remember  that  the  bone  had  not 
sunk  into  the  underlying  bed,  but  was  resting  flatly  on  it^  and  I  also  recollect  that 
I  was  particularly  attracted  by  its  remarkable  position.  In  taking  it  out  from  the 
rock,  a  peculiar  loss  of  substance  on  the  ventral  side  of  the  distal  condyles,  where 
two  large  flat  facets  had  been  formed,  at  once  attracted  my  attention,  particularly  as 
the  bone  was  resting  with  these  two  facets  on  the  underlying  bed. 

This  struck  me  as  something  very  peculiar,  particularly  as  I  never  noticed 
anything  similar  in  any  of  the  hundreds  of  fragments  of  bones  or  better  pre- 
served specimens  I  collected  around  Yenangyoung.  I  may  at  once  remark  that 
I  carefully  looked  through  the  Siwalik  remains  in  the  collection  of  the  Geological 
Survey,  but  not  a  single  specimen  exhibited  similar  defects.  It  is  therefore  beyond 
doubt  that  whatever  the  verdict  may  be  as  to  the  origin  of  these  curious  facets,  the 
specimen  here  described  is  at  present  unique. 

In  my  paper  on  the  tertiary  system  of  Burma,i  I  mentioned  this  find  for  the  first 
time,  and  this  is  what  I  said  "  A  femur  of  probably  Rhinoceros  sp.  which  I  found  in 
one  of  these  layers  affords  an  exceedingly  good  illustration  regarding  the  conditions 
onder  which  they  were  formed.  It  rested  with  one  side  on  a  bed  of  sandstone 
and  around  ity  and  partly  over  it  were  heaped  ferruginous  clay— pebbles,  etc.,  etc.9 
now  that  side  on  which  the  bone  rested  was  considerably  rubbed,  thus  indicating 
the  result  of  friction  on  the  underlying  sand,  produced  by  the  gentle  rocking  of  the 
bone  by  the  waves  while  lying  on  the  beach." 

It  subsequently  struck  me  that  this  was  not  quite  a  satisfactory  explanation,  but 
as  I  shall  deal  with  this  question  presently,  it  may  be  left  for  a  while.  Though  the 
peculiar  feature  of  the  femur  struck  me  therefore  at  once,  I  refrained  from  making 
it  the  basis  of  some,  perhaps,  too  far  reaching  conclusions  until  I  noticed  in 
the  Neues  Jahrbuch^  that  Professor  Dames  had  described  and  figured  a  scapula  of 
Equus  the  proximal  end  of  which  exhibited  a  similar  loss  of  substance  to  the  femur 
found  by  me.  Professor  Dames  unhesitatingly  attributes  this  loss  of  substance  to 
human  agency. 

In  the  controversy  which  arose  as  to  the  origin  of  those  curiously  shaped  flints, 
I  discovered  in  the  zone  of  Hippotherium  antelopinum  and  Acerotherium  ptrimense. 
I  had  quite  htely  an  opportunity*  of  giving  as  extensive  a  description  of  the  history 
of  the  find  as  possible,  and  at  the  end  of  my  paper  I  mentioned  the  femur  as  being 
probably  an  additional  witness  for  the  origin  of  the  chipped  flint  flakes,  provided  the 
theory  held  by  Professor  Dames  as  to  the  artificial  origin  of  the  loss  of  substance 
noticed  in  the  shoulder  blade  of  the  diluvial  horse  was  accepted. 

1  Recordt,  Geol.  Sunr.  of  India,  1895.  Vol.  XXVIIl,  page  77. 
>  Neues  Jahrbuch,  1896,  Bd.  I,  page  224. 

*  On  the  diicovery  of  diipped  flint  flakes  in  the  Pliocene  of  Banna,  Natural  Sdenoe,  i897# 
Vol.  X,  page  2334- 
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Having  returned  from  furlough,  I  am  now  in  tbe  position  to  give  an  accurate 
description  of  the  femur  and  its  peculiar  features,  and  I  leave  it  to  the  reader  to 
judge  for  himself. 

A  careful  examination  of  the  femur  has  proved  that  it  certainly  did  not  belong 
to  either  of  the  genera  Mastodon^  Elephas  or  -^AiW«r^j ;  the  greatest  probability 
was  therefore  that  it  belonged  to  the  genus  Hippopotamus,  As  far  as  I  can  judge 
from  the  figures  of  Blainville  and  Cautley  and  Falconer,  the  general  features  of  the 
femur  agree  very  well  with  those  of  the  left  femur  of  Hippopotamus^  but  there  are 
certainly  difiPerences,  which  render  it  almost  certain  that  it  could  not  have  belonged 
to  any  species  there  described,  and  that  with  great  probability  it  belonged  to 
Hiipopotamus  trravadicus,  the  species  so  clearly  described  by  Messrs.  Cautley  and 
I'alconer. 

The  bone  measures  from  the  middle  of  the  distal  condyles  to  the  top  of  the 
prert  trochanter  600  mm,  in  length;  the  great  trochanter  is  very  large  and  rises 
above  the  level  of  the  caput.  The  small  trochanter  is  not  very  8alient>  rather  a  mere 
rough  ridge. 

The  posterior  or  ventral  side  of  the  condyles  exhibits  a  remarkable  loss  cf 
substance ;  on  both  condyles  a  flat  irregular  facet  has  been  formedi  measuring 
about  50  mm.  in  length  in  axial  direction.  It  has  to  be  noticed  that  both  facets  do 
not  lie  in  the  same  plane,  but  if  the  internal  facet  is  considered  as  level,  that  on 
the  external  condyle  forms  an  angle  of  about  10®  with  the  former.  On  turning  the 
femur  round  it  will  be  noticed  that  there  is  also  a  great  loss  of  substance  on  the  inter- 
nal side  of  the  internal  condyle  ; — in  faict,  both  these  worn  surfaces  if  produced 
would  meet  at  an  obtuse  angle  on  the  posterior  side  of  the  internal  condyle.  On  the 
anterior  or  dorsal  side  the  condyles  exhibit  also  two  elongate  facets ;  that  of  the  inter- 
nal one  forming  an  angle  of  about  30^,  that  of  the  external  one  an  angle  of  about  60^ 
with  the  ventral  facet  of  the  internal  condyle. 

On  turning  to  the  proximal  extremity,  traces  of  wearing  are  seen  both  on  the 
great  trochanter  and  on  the  caput ;  on  the  great  trochanter  they  assume  such  a 
shape  as  if  it  had  been  attempted  to  attenuate  it ;  on  both  sides  on  the  anterior  as 
well  as  on  the  posterior  side,  particularly  on  the  latter,  these  traces  are  seen. 

The  anterior  side  of  the  caput  shows  a  slight  trace  of  a  facet,  which  is  however 
not  distinctly  seen. 

To  sum  up,  the  facets  are  exhibited  on  the  anterior  and  posterior  side  of 
both  extremities  in  such  a  way  that  they  run  parallel  to  the  axis  of  the  shaft ;  no 
facets  or  any  other  traces  cf  wear  and  tear  are  either  noticed  on  the  shaft  or  on 
the  proximal  or  distal  face. 

From  the  above  description  it  is  evident  that  this  femur  exhibits  at  both  extremi- 
ties, particularly  on  the  distal  one,  traces  of  a  peculiar  kind  of  grinding.  As  the 
planes  of  the  facets  thus  produced  are  not  ahogether  parallel  or  in  the  same  level, 
it  is  beyond  doubt  that  those  on  one  side  cannot  have  been  produced  simuhaneous- 
ly,  but  that  they  must  have  been  formed  consecutively;  it  is  quite  irrelevant 
which  was  formed  first ;  it  is  suflRcient  to  know  that  the  position  of  the  facets  proves 
that  during  their  formation  the  bone  must  have  been  submitted  to  some  sort  of  a 
revolving  action ;  to  fofm  those  of  the  distal  extremity,  the  bone  must  have  been 
turned  at  least  five  times,  and  whatever  the  medium  may  have  been  that  produced 
the  facets,  it  is  quite  evident  that  at  one  time  the  bone  exhibited  its  anterior  side  to 
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the  grinding  process  and  then  was  turned  over,  exhibiting  its  posterior  side  to  the 
same  action.  It  may  be  remarked  that,  judging  from  the  wearing,  the  process  acted 
more  vigorously  on  the  posterior  than  on  the  anterior  side. 

The  question  now  arises,  how  are  these  facets  to  be  accounted  for ;  were  they  the 
result  of  the  operations  of  art  or  of  those  of  nature  ?  Should  they  be  considered  as 
intentionally  wrought,  are  they  only  the  result  of  a  mere  accidental  process  of  nature 
resulting  in  loss  of  substance  ? 

If  we  were  able  to  answer  the  first  question  in  the  affirmative,  then  there 
ought  to  be  no  longer  any  doubt  that  in  these  facets  we  have  the  handiwork  of 
some  rational  being  which  lived  during  the  lower  pliocene. 

It  may  at  once  be  said  that  the  purpose  for  which  these  fncets  were  made, 
supposing  for  the  moment  they  were  artificial,  has  no  bearing  on  the  question 
of  their  origin.  For  all  we  know,  they  may  be  the  result  of  an  idle  hour  after  a 
good  meal.  Professor  Koken  atTObingen  showed  me  a  stag's  horn  from  the  diluvial 
travertine  of  Taubach  near  Weimar  which  had  been,  marked  all  over  in  an  ap- 
parently useless  manner.  No  doubt  can  exist  it  was  human  agency  which  produced 
these  marks,  but  it  is  difficult  to  see  to  what  purpose,  unless  we  assame  that 
the  diluvial  man  who  produced  these  marks  perhaps  trie  J  to  cut  off  some  of 
the  tines  by  means  of  his  rude  stone  celt,  and  finding  that  it  did  not  suit  his 
purpose,  idly  hacked  away  at  the  useless  bone. 

It  must  not  be  forgotten  that  the  so-called  savage  tribes  have  plenty  of  spare  time> 
and  I  personally  can  state  that  I  often  observed  in  Kachin  villages  full  grown  men 
playing  with  a  piece  of  wood  or  a  stone  to  no  purpose  whatsoever.  By  grinding 
such  an  object  on  a  hard  surface  a  few  hours  could  be  pleasantly  spent.  There  is 
also  no  doubt  that  children  use  their  play^things  in  all  sorts  of  manners,  and  a 
good  deal  of  amusement  results  from  sharpening  a  piece  of  wood  or  metal  or 
bone  on  a  stone.  Although  we  may  dismiss  the  notion  that  the  heavy  femur  here 
described  has  been  a  child's  plaything,  we  may  take  it  as  granted  that  the  seemingly 
meaningless  procedure  resulting  in  the  production  of  the  facets  bears  no  value  on 
the  decision  of  the  question,  whether  they  were  made  intentionally  or  were  simply 
the  result  of  an  accidental  process. 

It  will  therefore  be  well  to  discuss  first  the  possibilities  by  which  in  a  natural 
way  loss  of  substance  in  the  above  described  state  could  be  produced.  The  first 
theory  which  would  present  itself  would  be  to  attribute  the  loss  of  substance  to  a 
chemical  process  ;  to  the  dissolving  action  of  some  acid  for  instance.  The  question 
to  be  considered  would  therefore  be,  is  it  possible  that  by  a  chemical  process  such 
sharp  facets  on  the  extremities  could  be  produced  without  damaging  the  rest  of 
the  bone.  I  should  think  that  such  a  theory  afiPords  some  serious  difficulties ;  we 
have  to  imagine  that  the  bone  was  imbedded  in  some  substance  impermeable  to 
acids;  only  that  small  part  which  was  to  be  worn  off  sticking  out  from  the  protect- 
ing substance.  After  this  part  had  been  removed,  the  bone  was  turned  over, 
every  part  of  it  was  again  imbedded  in  the  protecting  substance  except  .the  one  to 
be  worn  away,  and  so  this  process  was  repented  at  least  five  times  to  produce  the 
facets  of  the  distal  end.  To  imagine  that  while  these  frequent  changes  took  place 
no  other  part  of  the  bone  should  have  been  affected,  seems  highly  improbable.  It 
will  certainly  be  admitted  that  if  due  to  chemical  action,  the  facets  would  probably 
not  exhibit  that  fine  smooth  surface,  but  a  more  irregular  corroded  appearance.  * 
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I  cannot  imagine  any  chemical  process  which  simply  by  itself  iiithout  any  ontside 
assistance  would  produce  such  evenly  polished  surfaces  at  special  parts  of  a  bone. 
Were  a  bone  submitted  to  any  chemical  action,  I  should  think  that  its  traces  ought 
to  be  visible  all  over  the  surface  and  not  restricted  to  certain  parts.  We  may  there- 
fore dismiss  the  theory  of  chemical  action. 

The  facets  must  therefore  be  the  result  of  a  mechanical  action,  and  it  remains 
to  be  seen  what  natural  causes  might  have  the  effect  above  described. 

The  most  plausible  explanation  is  of  course  the  action  of  ice  as  glaciers  produce 
scratched  boulders  exhibiting  sometimes  even  faces,  the  result  of  a  considerable 
loss  of  substance.  It  is  therefore  by  no  means  impossible  that  a  strong  bone  such 
as  a  femur  might  be  treated  in  a  similar  way,  although  I  do  not  know  of  any  ins- 
tances which  have  been  noticed.    The  possibility  however  must  be  admitted. 

Is  there  now  any  trace  of  glacial  action  to  be  noticed  in  the  pliocene  formation 
of  Burma?  This  question  may  be  safely  answered  in  the  negative.  In  fact,  if  any- 
thing, it  tends  to  prove  that  the  pliocene  of  Burma  was  deposited  under  tropicsd 
conditions.  It  may  be  argued  that  some  of  the  higher  hills  existing  while  the  Ira- 
wadi  series  was  deposited  were  covered  with  glaciers,  and  that  the  femur  may  have 
been  transported  from  there  to  the  place  where  it  was  eventually  found.  But  even 
granted  that  the  glaciers  did  exist,  such  an  assumption  would  reqtiire  that  the  indi- 
vidual of  Hippopotamus  irraoadicus  to  which  the  femur  belonged  moved  in  a  hilly 
country  in  a  neighbourhood  of  glaciers,  an  assumption  which  is  so  contrary  to  all  we 
know  of  the  habits  of  Hippopotamus  that  we  may  safely  dismiss  it.  But  even  if  such 
a  theory  would  be  admitted,  the  femur  should  have  suffered  much  more  by  trans- 
port ;  it  could  not  possibly  have  retained  its  fine  state  of  preservation,  afteV  it  had 
been  exposed  firstly  to  glacial  action  and  then  to  a  journey  in  streams  and  rivers 
before  it  came  to  the  place  where  it  eventually  found  its  resting  place. 

The  next  theory  wdfild  be  to  explain  the  forming  of  the  facets  by  the  mechanical 
action  of  running  water. 

The  action  of  the  running  water  can  certainly  result  in  a  considerable  loss  of  sub- 
stance, as  need  hardly  to  be  mentioned.  If  we  examine  however,  all  water  worn 
objects,  we  notice  that  the  action  of  the  water  tends  to  produce  a  more  or  less  rolled 
shape,  and  generally  an  even  polished  surface.  Whatever  the  original  shape  of  the 
object  may  have  been,  and  whatever  the  substance  may  consist  of,  the  action  of 
running  water  always  produces  the  same  rolled  shape. 

It  cannot  well  be  imagined  that  a  large  bone,  like  the  femur  described,  would 
have  been  mixed  up  with  pebbles,  all  of  a  harder  substance  than  itself,  and  still 
have  retained  its  perfect  shape  while  all  the  pebbles  were  rounded  off.  Of  course, 
one  could  suppose  that  the  femur  was  well  jammed  in  between  some  larger  pebbles 
or  in  the  rocky  bed  of  a  stream ;  it  is  under  such  an  assumption  quite  imaginable  that 
the  grinding  action  of  the  sand  moved  over  it  could  eventually  have  produced  the 
facets.  But  if,  on  the  other  hand,  they  were  really  produced  in  such  a  way,  it  is 
very  diffic^jlt  to  explain  why  the  bone  should  not  have  suffered  later  on  when  it 
was  moved  from  its  resting  place.  The  perfect  undamaged  shape  of  the  femur 
proves  in  my  opinion  that  it  never  was  associated  with  larger  pebbles,  nor  that  it 
could  have  undergone  a  longer  transport  in  a  river.  If  we  are  right  in  judging 
from  the  habits  of  the  present  Hippopotamus  those  of  Hippopotamus  irravadicusy  we 
may  perhaps  conclude,  that  the  femur  was  originally  deposited  on  the  muddy  or 
sandy  beach  of  a  river,  perhaps  partly   imbedded  in  the  soft  material,   only  the 
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condyles  sticking  out.  The  question  may  then  be  raised  whether  the  constant  run 
of  the  water  containing  a  lot  of  fine  silt  suspended,  such  as  we  notice  in  all  tropicid 
streams  during  the  rainy  season,  has  a  sufficient  amount  of  mechanical  energy, 
to  grind  down  of  facets  as  above  described.  I  cannot  trace  any  actual  obser- 
vations for  such  a  view,  but  I  think  some  unquestionable  proofs  would  be  required 
before  it  could  be  accepted.  So  far,  therefore,  the  loss  of  substance  and  the 
production  of  the  facets  cannot  be  explained  by  the  mechanical  action  of  running 
water. 

The  way  in  which  the  femur  was  deposited  when  I  discovered  it  suggested  at 
first  an  idea  which  I  afterwards  discovered  to  be  an  obvious  impossibility.  I 
originally  believed  that  the  specimen  was  lying  amongst  a  heap  of  material  such 
as  is  gathered  frequently  on  a  slightly  inclined  beach.  I  imagined  that  the 
action  of  the  waves  rolling  ashore  set  the  femur  into  a  rocking  motion  which  was 
sufficient  to  grind  down  the  condyles  producing  the  facets.  I  overlooked  however 
a  very  serious  objection :  first,  the  tendency  of  the  rocking  action  of  the  waves 
would  be  a  rolling  and  not  a  grinding  one,  as  may  be  noticed  at  any  sea  beach  ; 
secondly,  the  way  in  which  the  bone  was  found  proves  that  it  was  resting  on  a  sandy 
ground  which(at  that  time  must  have  been  soft  and  loose.  Facets  as  those  described 
could  however  certainly  not  be  produced  when  the  bone  was  moved  by  the 
waves  while  its  bed  was  soft  and  yielding.  Only  the  friction  against  a  hard  un- 
yielding material  could  have  produced  facets,  and  the  above  view  can  therefore 
no  longer  hold  good. 

If  the  view  of  the  mechanical  action  of  ice  or  water  cannot  be  sustained,  the  only 
natural  action  remaining  which  would  result  in  loss  of  substance  would  be  the 
action  of  sand  blown  by  the  wind,  deflation,  in  fact.  The  facetted  boulders  found  at 
numerous  places,  the  shape  of  which  is  generally  attributed  to  the  above  cause,  are 
well  known.  The  femur  resting  on  a  sand-bank  in  the  river,  partly  imbedded  in  the 
sand,  might  very  well  have  been  exposed  to  such  an  influence.  If  the  facets  existed 
on  one  side  only,  say,  for  instance,  the  posterior  one,  I  would  unhesitatingly  accept 
this  view.  But  they  exist  on  the  anterior  side  as  well,  and  in  such  a  way  that  they 
could  not  have  well  been  produced  simultaneously.  Accepting  the  theory  of  the 
blown  sand  for  a  moment,  we  have  then  to  suppose  that  the  facets  were  first 
produced  on  one  side,  then  the  bone  was  completely  turned  round  so  as  to 
exhibit  the  opposite  side,  which  must  have  been  shifted  once.  It  was  then  again 
so  well  imbedded  that  nothing  but  a  small  portion  was  exposed. 

If  this  theory  be  accepted,  of  course  the  question  is  settled  at  once ;  I  want 
however  to  point  out  a  serious  objection.  I  cannot  well  imagine  how  the  move- 
ments required  were  carried  out  without  exposing  more  than  insignificant  portions 
of  the  surface.  In  fact  the  facets  on  the  anterior  side  are  quite  incompatible 
with  this  view ;  if  they  were  the  result  of  the  action  of  blown  sand,  much  more  of 
the  condyles  should  have  been  removed.  I  find  a  very  serious  difficulty  in  the 
smallness  and  the  distribution  of  the  facets,  as  I  should  think  that,  had  the  bone 
undergone  this  process,  it  would  have  suffered  more. 

In  conclusion,  I  may  mention  that  the  view  of  these  facets  being  produced  by 
the  gnawing  of  some  wild  animals  is  absolutely  untenable.  No  animal  could 
produce  even  surfaces,  such  as  those  described,  with  its  teeth ;  there  would  be 
irregular  ragged  furrows,  but  no  smooth  facets  if  the  femur  had  been  treated  by  one 
of  the  large  carnivorous  animals. 
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I  think  that  it  is  clear  from  the  above  arguments  that  to  whatever  known 
natural  causes  we  may  look  as  likely  to  produce  facets  as  described,  we  meet 
always  with  some  serious  objections. 

Ify  on  the  other  hand,  we  suppose  that  the  facets  were  intentionally  made  by 
some  being,  whether  man,  ape  or  Pilhecanthropux,  by  holding  the  bone  in  his  hands 
pressing  it  against  a  hard  surface  and  grinding  it  down,  the  manufacture  of  the 
facets  is  easily  explained. 

We  arrive  therefore  at  the  result  that  the  whole  state  of  preservation  of  the 
femur  turns  raiher  in  favour  of  the  facets  being  intentionally  produced  than  acci- 
dentally. I  wish  however  at  once  to  say  that  not  for  a  moment  do  I  contend  that 
the  facets  must  be  man's  handiwork,  and  that  there  is  no  other  cause  capable  of 
producing  them.  All  I  contend  is,  that  very  serious  objections  are  connected  with 
the  assumption  of  the  production  of  the  faicets  by  natural  or  accidental  causes 
but  if  any  one  can  give  me  any  ether  plausible  explanation,  free  from  objections, 
I  am  quite  willing  to  forego  the  conclusion  that  the  facets  are  the  result  of  the 
operation  of  an  artificial  agency. 

Should  a  satisfactory  explanation  come  forward,  I  think  that  specimens  exhibit- 
ing similar  loss  of  substance  should  be  carefully  re-examined,  as  to  the  process  which 
caused  such  a  loss.  Professor  Dames  describes  and  figures  a  scapula  of  a  horse* 
stated  to  come  from  the  diluvial  deposits  of  Northern  Germany,  exhibiting  a  similar, 
and  apparently  quite  meaningless,  loss  of  substance  at  the  proximal  extremity. 
Professor  Dames  unhesitatingly  attributes  it  to  human  agency,  but  in  this  in- 
stance there  are  in  fact  more  serious  objections  to  such  a  theory  than  to  the 
bone  from  Burma.  It  is  quite  true  man  has  lived  in  diluvial  times,  while 
similar  proofs  are  not  so  absolutely  certain  and  unchallenged  with  regard  to  the 
pliocene  period,  and  a  bone  exhibiting  such  features  as  the  one  described  by 
Professor  Dames  and  coming  from  diluvial  beds,  might  only  be  regarded  as  a 
further  instance  of  the  existence  of  man  during  that  period. 

But  on  the  other  hand  the  history  of  the  find  is  much  less  open  to  doubts  in  the 
case  of  the  bone  from  Burma  than  in  the  case  of  the  diluvial  bone.  The  author 
did  not  find  the  bone  himself ;  it  was  brought  to  him  :  questions  may  therefore  be 
raised — did  it  really  come  from  diluvial  beds,  and  if  so,  was  the  loss  of  substance  not 
produced  by  the  tools  of  the  workmen  while  unearthening  it?  Prof essor  Dames 
holds  that  neither  has  been  the  case,  but  all  the  same  these  objections  may  be 
raised,  and  it  will  be  difficult  to  disprove  them. 

In  the  case  of  the  femur  here  described,  no  such  objections  can  be  raised  • 
there  were  no  working  men  which  could  have  hurt  the  bone,  and  it  was  in  situ 
when  found  by  me  in  such  a  place  that  all  ideas  of  subsequent  influences  can 
safely  be  dismissed.  In  fact,  if  one  thing  is  certain,  it  is  that  the  loss  of  substance 
was  produced  previously  to  the  interment  of  the  bone. 

Not  only  may  the  above  two  objections  be  raised  with  regard  to  the  diluvial 
bone ;  it  may  also  be  argued  that,  being  found  in  strata,  the  glacial  origin  of  which  is 
no  longer  doubted,  the  loss  of  substance  may  be  attributed  to  glacial  action— a  view 
which  certainly  does  not  enter  into  the  question  at  all  with  regard  to  the  femur  from 
Burma.  It  is  true  that  scratched  boulders  have  hitherto  not  been  found  in  the  dilu- 
vial gravels  in  which  the  scapula  is  said  to  be  found,  but  this  is  ifo  proof  against 
the  view  that  the  loss  of  substance  may  be  the  result  of  glacial  action. 
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In  fact  if,  weighing  all  the  evidence  in  favour  and  against  the  artificial  origin  of 
the  loss  of  substance  in  the  case  of  the  diluvial  scapula,  the  evidence  against  it  is 
rather  stronger  than  for  it— but  nobody  seems  to  have  questipned  the  view  held 
by  Professor  Dames  with  regard  to  this  scapula,— may  it  therefore  not  be  argued 
that  what  is  accepted  in  this  instance,  also  holds  good  for  a  bone  exhibiting  similar 
loss  of  substance,  but  coming  from  pliocene  strata? 

Explanation  of  plates. 
Plate  XIX.— Fig.  1.  Hippopotamus    irravadicus,    Caut.  and    Falc.    Left    femur 
posterior  (venural)  side,  \  nat.  size. 
Fig.  la-  Ditto  ditto  ditto. 

Distal  extremity,  i  nat.  size. 

PtATE   XX. — Fig.  I.  Hippopotamus  irravadicus^    Caut.    and   Falc.    Left    femur, 
anterior  (dorsal)  side,  ^  nat.  size. 
Fig.  3.  Equus,    sp.  (copy    from    Neues    Jahrbuch,    1896,    Bk.    U 
p.  224)  reduced  to  }  size. 


On /A^  Supposed  coal  A/ Jaintia,  Baxa  Duars:  By  H.  H.  Hayden,  B.A., 
B,E.,  Officiating  Deputy  Superintendent ^  Geological  Survey  of  India. 

While  at  Kuch  Bihar  I  was  asked  by  Mr.  D.  R.  Lyall  to  visit,  if  possible,  the 
supposed  coalmines  near  Jaintia,  on  the  borders  of  Bhutan.  I  therefore  took  the 
opportunity,  when  at  Baxa,  of  making  an  excursion  to  the  spot.  It  is  highly 
inaccessible  and  can  only  be  reached  on  elephants,  either  from  a  point  a  few  miles 
south  of  Santrabari,  or  &om  Santrabari  itself.  From  Santrabari  there  is  a  jungle- 
path  to  Jaintia,  the  distance  being  about  8  miles.  The  supposed  coal,  which  is  really 
lignite,  is  found  in  the  valleys  to  the  north  and  north-east  of  Jaintia :  the  locality 
visited  by  me  being  about  2  miles  to  the  E.  N.  £.  of  the  village  of  Jaintia.  Here 
the  lignite  occurs  in  bluish-grey  and  yellowish  sandstones  of  tertiary  age,  which  dip 
mostly  at  high  angles  to  the  S.  W.,  but  the  dip  is  variable  both  in  direction  and 
amount,  though  always  steep. 

In  some  cases  large  areas — 200  or  300  ft.  long  by  50  to  100  ft.  wide— have  been 
exposed  on  the  plane  of  beddmg,  and  the  true  character  of  the  deposit  is  made 
evident.  It  consists  of  a  sandstone  (probably  estuarine)  containing  isolated  logs  of 
lignite.  The  wood  had  evidently  floated  down  the  rivers  and,  becoming  water- 
logged, had  sunk  in  the  estuaries,  where  it  was  embedded  in  the  sand. 

This  lignite,  according  to  an  analysis  made  by  Dr.  Saise,  is  of  very  good  quality, 
having  only  a  small  percentage  of  ash :  but  the  isolated  manner  in  which  it  occurs 
renders  it  of  little  value,  and  for  the  purpose  for  which  I  was  informed  it  was  in- 
tended, viz.t  as  the  fuel  supply  for  a  railway,  it  would  be  useless.  The  sandstone 
which  flanks  the  hills  for  (many  miles  in  this  neighbourhood,  appears  to  contain 
everywhere  a  certain  amount  of  the  lignitOi  but  too  scattered  and  in  too  small 
quantities  to  be  of  any  economic  value,  particularly  in  the  face  of  such  difficulties 
as  are  presented  by  the  inaccessibility  of  the  locality. 
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Percussion  Figures  on  Micas,  by  T.  L.  Walker,  M.A  ,  Ph.D.,  Assistant 
Superintendent^  Geological  Survey  of  India. 

A  short  time  ago^  I  called  attention*  to  some  points  in  regard  to  the  percussion 
figures  formed  on  plates  of  mica  by  applying  the  point  of  a  large  needle  to  a 
cleavage  fragment  and  striking  a  sharp  blow  with  a  small  hammer.  The  figure 
resulting  is  illustrated  below.  All  micas  agree  in  having  six-rayed  percussion 
figures  whose  rays  meet  at  angles  varying  from  51**  to  64^  It  was  generally 
supposed  that  the  rays  are  parallel  to  the  edges  formed  by  the  basal  plane  (o  P) 
with  the  prism  (00  P)  and  clinopinacoid  ooPoo. 


oo^oo 


After  measuring  the  percusssion  figures  on  some  twenty  representative  I'micas  I 
found  that  this  is  not  the  case.  The  measurements  then  made  were  published^  and 
shewed  that  the  angles  of  the  percussion  figure  opposite  the  clinopinacoidal  edge, 
designated  y^  for  convenience,  varies  from  52°  53'  to  63^  38'.  As  the  micas  are 
regarded  as  monoclinic,  the  four  angles  of  the  percussion  figure,  remote  from  th« 
clinopinacoidal  edge  and  adjacent  to  the  ray  which  is  parallel  to  the  above-mentioiH 
ed  edge,  are  equal  to  one  another  and  are  different  to  the  other  two  angles.  It 
was  also  observed  that  the  size  of  the  angle  y^  is  more  or  less  characteristic  for 
the  species  examined. 

Muscovite 5^  53'  to  55°  57' 

Lithia  Micas 59"  la'  to  6o<>  tC' 

Biotite aboot       60"* 

Phlosropite eo®  53'  to  63®  ^' 

Desiring  to  further  investigate  the  subject  I  made  an  examination  of  all  the 

suitable  micas  contained  in  the  Indian  Museum.    I  give  below  the  measurements 

of  the  angle  ^  for  those  micas  not  previously  reported  upon.    The  results  in 

general  confirm  the  conclusions  previously  arrived  at,  viz,,  the  rays  of  the  percussion 

figures  are  not  parallel  to  the  prismatic    and  clinopinacoid  edges,  but  meet  at 

1  American  Journal  of  Sciaoea,  Vol.  II,  iSg6«  p.  5.    Observation!  on  Percuiaon  Fifrures  on 
cleavage  pUtos  ol  mica. 
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»5« 


angles  varying  from  51^  to  64^  which  are   more  or  less  characteristic  for  the 
different  mica  species. 


Muscovite.— Haiaribagfa,  Bengal       • 

.       51 

49 

M         Alstead,  N.H.^U.S.  A. 

.       5a 

3 

,9         Hazaribagh»  Bengal      • 

.       5« 

43 

Miask,  Urals         •        . 

.       53 

50 

»»  .      Gaya,  Bengal        •        .        .        < 

.       52 

52 

„         Narsinghpur 

>       53 

17 

,,         Vienna  Exhibition  (locality  ?) 

.       53 

35 

,,         Nellore  District,  Madras 

53 

30 

u         Goshen,  Mass.,  U.  S.  A. 

54 

30 

„         Pennsbury,  Pa.,  U.  S.  A.      . 

.        54 

30 

„         Nawadi,  Bengal     •        •        .        , 

54 

35 

Eophyllite.— S.  Rewah,  Cential  India 

»        54 

45 

Muscovite.--Alstead,  N.  H.,  U.  a  A. 

54 

47 

„         Garhwal,  N.  W.  P. 

.        54 

53 

„         Hazaribagh,  Bengal      • 

54 

55 

„         Sirmur  State,  Punjab     . 

55 

0 

„         Sutlej  River,  N.-W.  Himalayas     . 

►       55 

16 

„         Darjeeling,  Bengal 

>        55 

27 

„         Tonk,  RajpuUna 

55 

57 

„          MacDonald  Range,  S.  Australia 

56 

25 

Lepidolite  (?).-Paris,  Me,,  U.  S.  A. 

•        54 

58 

Rubenan.-Eifel,  Prussia 

59 

38 

Lepidomelane.— Wermlaod,  Sweden  • 

.  about  6o« 

Biotite.-Alstead,  N.  H.,  U.  S.  A.      . 

.      ditto 

„          Greenland  •        •        •        •        . 

.     ditto 

Uke  Baikal,  Siberia  .        . 

.       60 

15 

,•          Hasaribagh,  Bengal    . 

.       60 

18 

Phlogopite.— S.  Mirzapur,  N.-W.  P. . 

.        59 

20 

„         Burma  (in  crystalline  limestone)    . 

60 

23 

.       63 

"4 

Notes  from  the  Geological  Survey  of  India. 

ElcBolite  ai  Sivamalai,^ An  interesting  discovery  of  elseolite-bearing  rock  has 
been  made  at  Sivamalai  in  the  Coimbatore  district  where  the  Sivamalai  hills  near 
Kangayam  are  composed  of  a  fine  grained  elseolite-bearing  rock,  darkened  by  the 
presence  of  magnetite,  graphite  and  ferro-magnesian  silicates,  amongst  which 
biotite  and  hornblende  prevail.  This  is  cut  through  by  veins  of  coarse  grained 
rock  in  which  the  crystals  of  elseolite  reach  a  diameter  of  4  inches.  This  elaeolite- 
bearing  rock  is  associated  with  a  pink  pegmatite,  practically  devoid  of  quartz  and 
containing  crystals  of  corundum,  which  occurs  as  veins  in  and  near  the  boundary 
of  the  elaeolite-bearing  rock.  Mr.  Holland  has  suggested  that  we  may  here  look  to 
the  elseolite  as  the  source  of  the  alumina,  of  which  it  contains  over  33  percent.,  and 
especially  points  to  the  faict  that  the  Sivamalai  corundum  has  the  crystal  habit  of 
L^orios  pyrogenic  corundum  (Zeits.  f.  Kryst,  XXIV,  385).  The  field  evidence  is 
certainly  consistent  with  the  theory  that  the  pegmatite,  penetrating  and  absorbing 
the  elseolite-bearing  rock,  acquired  an  excess  of  alumina  which  subsequently 
crystallised  out  as  corundum. 
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Earthquake  of  laihJuntj^K  large  number  of  reports  have  come  in  dnrmg  the 
last  quarter,  and  as  one  result  it  has  been  foond  that  the  area  over  which  the  shock 
was  felt  must  be  extended  to  include  the  whole  of  the  Irawadi  vallej  and  delta. 
To  the  east  of  the  Pegu  Yoma,  the  onlj  place  from  which  it  is  reported  is 
Pyinmana.  An  important  report  has  been  received  from  the  Superintendent  of 
telegraphs,  Assam,  describing  how,  when  communications  from  Shillong  were  being 
reopened,  it  was  found  that,  so  long  as  the  earth  was  used  as  a  return,  the  operator 
was  subject  to  electric  shocks,  some  of  considerable  severity,  which  always  accom- 
panied  one  of  the  earthquake  shocks  which  were  constantly  occurring.  This,  as  well 
as  the  frequent  interruptions  of  communication  which  accompanied  the  shocks, 
ceased  as  soon  as  a  second  wire  was  used  as  a  return  instead  of  the  earth. 

At  the  Magnetic  Observatory  at  Bombay  perturbations  of  the  self-recording 
magnetic  instruments  were  noticed,  which  it  is  difficult  to  ascribe  entirely  ta 
mechanical  causes,  but  the  time  at  which  they  occurred  renders  it  impossible  for 
them  to  have  been  directly  connected  with  the  electric  disturbances  at  Shillong, 
and  if  magnetic  or  electric  at  all,  they  must  have  been  such  as  a  secondary 
result  of  the  mechanical  effect  of  the  earthquake  wa^e  in  the  immediate  vicinity  of 
Colaba. 


j/j/  October  iSgj. 


R,  D.  Qldhak* 


Selection  from  the  Assays  and  Examinations  made  in  the  Laboratory  of 
the  Geological  Survey  of  India  ietween  November  i8<f4  and  Novem^ 
ber  1897. 


Date. 


13-XI-94. 


I9-XI-94 


fl6.Xl-94 


4-1-94 


so-Xll-^ 


Substance. 


For  whom. 


One  specimen  of  im- 
pure limonife,  found 
in  and  about  Maha- 
bleshwar,  ja  the 
Satara  District. 


One       specimen     of 
quartz,  with  copper 
yrites,      from     the 
orthArcot  District. 


?«: 


One  specimen  of 
galena,  from  a  hill  1 
mile  north-west  of 
villaife  Dbanpur, 
Kumaon. 

One  specimen  of  h-on 
pyrites,  with  quartz 
and  slate^  from 
Gohna. 


One  specimen  of  white 
earth,  from  Afghan- 
istan. 


The  Under  Secre- 
tary to  the  Govern- 
ment of  India, 
Rcveane  and 

Ai^riculturat      De- 
partment. 

Edgar       Thurston, 
Superintendent^ 
Government    Cen- 
tral Masaum, 
Madras. 

Colonel  E.  E.  Grigg 
Commissioner  m 
Kumaon. 


Colonel  D.  G. 
Pitcher,  Depart- 
ment of  Lana  Re- 
cords, Gwaiior 
SUte. 

C.  W.  Wslsh,  Mar- 
tin  &  Co.,  Cal- 
cutta. 


Resnlt. 


Quantity  rteeivedi  \\  os. 

Contains  46*416  per  cent,  of  iron  (Fa). 


Quantity  rtcHtedt  4f  or. 
Contains  a  trace  of  gold. 


Quantity  receiwdt  2lb8.  6  oz. 
ielded  on  assay,  66*36  per  cent,  of  lead; 
and  I   oz.   la  dwts.  6  grs.  of  silver  to  tbs 
ton  of  lead. 


guantity  received:  1  lb. 
ontains  a  tiace  of  goId» 


Lithomar^e,  allied  to  Fuller's  earth,  with 
some  pieces  containing  graphite. 
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3-XII-94 


specimens      collectod 
in  Eastern  Penia. 


The  majority  are  from  the  mountainsTaftan, 
Basman,  Hamant  and  Fanach. 


Taftan  is  an  active  Volcano   from  which  sulphur  and  sal  ammoniac  were  obtained. 
Basnuin  is  volcanic,  but  not  now  active.    Sulphur  was  abo  obtained  here.    Hamant 
and  Fanach  doubtful.    (B.— C.) 
No.  I.  Salt  from  Tank-i-Nimak,  North  of  Amadi,  6  stages  N.  of  Bandar  Abbas^ 

The  naki  is  white  with  salt. 
Tombstones  from  an  old  cemetery  in  the  Kosh .Valley  under  the  lofty  Taftao^ 
an  active  volcano.     Inscriptions  supposed  to  be  very  old.    (B.— C.) 
No.  II.  A.  Specimens  from  Fanach  hill.    Elevation  4,860  feet. 

Amongst  the  rocks  are  specimens  of  a  partially  decomposed  troctolite 
(originally  an  olivine  plagioclsae  rock).  The  other  specimens  are 
red  clay  with  partings  of  calcite,  lumps  of  limestone,  pale  green  epidote 
and  silidfied  magnesite :  probably  not  far  removed  from  serpentine. 
B.  Specimens  from  the  rocky  bed  of  Fanach  pass.  Mostly  limestones, 
partly  crystalline  and  in  some  cases  evidently  derived  from  infilled 
cracks.  Specimens  of  red  clay  rock  are  generally  silicified,  but  cracks 
are  also  filled  in  with  calcite.  These  and  the  grsen  rocks  resemble 
volcanic  ash  beds.  One  specimen  is  a  misture  of  quarts  and  light 
green  epidote. 
No.  III.         Fragments  of  limestone  and  quarts  from  hilb  between  camp  Abgar  and 

I  tchan .     Elevation  1 ,900  feet . 
No.  IV.         Limestone,  partly  silicified  and  dolomitii ed,  from  hills  between  Gordahao 

and  Isfaka. 
No.  V.  Specimens  from  Hamant  hill.    Elevation  7,623  feet.    Said  to  be  a  dormant 

volcano. 
Shales  baked  and  silidfied,' dolomites  and  magnentes  with  veins  of  calcite, 
veins  of  quarts  and  epidote.    Specimens  of  talcose  schist.    Specimens 
of  serpentine  said  to  occur  in  huge  masses. 
Geh  hills.    Elevation  1,400  feet. 

Specimen  of  brown  marl,  with  veins  of  quarts  and  dirty  calcite  containing 
carbonate  of  iron.    Silicified'  red  shale  with  veins  of  quartz.    Specimen 
of  dark  green,  compact  and  well  jointed  rock  containing  carbonate  of  lime, 
possibly  compact  ash  bed.    Specimens  of  fibrous  calcite. 
Sand  from  Bampur  Dasht    near  Geskok  Camp.      Elevation    1,800  feet. 
Dirty  calcareous  quartz  sand  with  semi-rounded  grains. 
No.  VI.         '*  A.   Specimens  from  Koh-i-Cheltan  or  Taftan  or  Koh*i-Naushadir  (sal 
ammoniac).    Volcanic  peak  13,800  feet  (approx.)." 
Pumice  and  fragmental  rocks  (tuffs  and  ash)  of  an    andesitic   volcanic 
outburst.    Considerable  quantities  of  infiltrated  calcite  in  most  specimens. 
Native  sulphur  with  small  quantities  of  soluble  sulphates  and  chlorides. 
No.  VII.        Mak  or  Lak^a  yellowish  marl  from  Cheltan  Range,  which,  with  leaves  of 
the  Kangak  shrub,   makes  a  black  dye  called  Lak-i-Siah,  and  with  leaves 
of  the  pomegranate  makes  purplish  yellow  dye. 
As  the  specimen  sent  contains  large  quantities  of  sulphate  of  iron,  doubtles  s 
it  is  thi«  substance  which  combines  with  the  tannic  acids  of  the  leaves  to 
produce  a  black  tannate  of  iron.    The  aqueous  extract  of  the  same  sub- 
stance with  pure  tannic  acid  gives  a  deep  blue-black  ink.    The  iron  com. 
pounds  will  also,  of  course,  give  different  coburs  with  other  leaves  in  which 
the  tannic  acids  are  present  in  a  different  form. 
No,  IX.        Hill  in  sandy  desert  near  camp  Geskok.     Lumps  of  carbonate  of  lime  (like 
kunkur)  and  conglomerate  cemented  with  carbonate  of  lime. 
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Result. 


I5-II-«S 


4-in-gs 


ao-iv-96 


1.111-95 


No.X. 


No.  XI. 


A,  Specinens  of  rocks  from  Basman  peak,  a  dormant  volcaaOi    ElevatioD 

11,900  feet. 
Aodentic  ejectamenta.    Andesites  with  rhombic  pyroxenes,  as  in  the 
case  of  Koh-i-Cheltao«  and  with  flakes  of  brown  mica.    Some  specimens 
f raffmental  and  pnmioeoBS,  but  of  the  same  family.  Lnmps  of  carbonate 
of  lime  apparently  from  infilliags  of  cracks. 

B.  Sulphur  from  same  locality. 

C  Limestone  fragments  from  Kok-i-Alman  range,  part  of  Basman.  Elevation 
4,000  feet. 

A.  Specimens  from  hills  near  Basman  village.    Specimens  of  hornblende- 

biotste  gianitite.  Lumps  of  quarU  rock  and  hardened  lithomarga. 
Specimens  of  decomposed  pumice.  Masses  of  limestone,  some  pieces 
well  crystallised. 

B.  Dark  calcareous  earth  with  scales  of  biotite,  same  locality. 
CandD.  Volcanic  agglomerate  composed  of  various  minerals,  fragmebts 

of  pumicot  etc,  all  impregnated  with  carbonatejof  lime  and  salt. 
E.  Slab  d  hornblende-Audesite. 


Three  specimens  from 
the  summit  of  Babar- 
garh,  Wariristan. 


One  specimen  of  clay 
from    the      Laroeta 
),  Warora,  Cen* 
evinces. 

Two  specimens  from 
»he  Kaira  District, 
Gujerat. 


group,  V 
tral  Prov 


Specimens  from  the 
Salem  District. 


6-VI^5 


One  specimen  of  coal, 
containing  iron 

pyrites,  from  Ven- 
angyoungt  Upper 
Burma. 


H.iA.  Casson,  C.S., 
Political  Officer, 
Bannu  Column^ 
Banna. 

Geo.  R.  Reynolds, 
Manager,  Waroim 
Colliery. 


J.  Walter  Leather, 
F.C.S.,  etc..  Agri- 
cultural Chemist  to 
the  Government 
of  India. 

C.  S.  Middlemissi 
B.A.,  Deputy 

Superintendent, 
Geolo|:ical  Survey 
of  India. 


F.  Noetling,Ph.D., 
Palsontoloffist, 
Geological  Purvey 
of  India. 


Nos.  t  and  a,  basic  volcanic  agglomerate. 
No.  39  iron  pyrites. 


Cont^ns  83*63  per  cent  of  Silica  (SiO  )• 


No.  I,  earthy  hematite.  .  ^.    ^ 

No.  a,  limomte  nodules  (possibly  pebbles) 
in  a  matrix  of  carbonate  of  lime. 


No*      -M*     dunite, 
partly  altered  into 
serpentine.       S.G. 
3*961. 
Silica  (SiO,). 

36*64% 

Magnesia        (MgO) 

46-ia% 


No.  18,  dunite: 


S.  G.  3*176. 
Silica  (SiO,) 

30*1% 
Magnesia  (MgO) 

48-36% 


No.  iiv  niMrneHte  schist.  S.  G.  3'538.  Con- 
Uins  36-66%  of  iron  (Fe). 

No.  M»  magnetite   schist.     S.G.  3*365* 
ConUins  35'<»%  of  iron  (Fe). 

No.  #«»   magnetite  schist.    S.  G.  3'4I5* 
ConUins  33*40%  of  iron  (Fe). 


Moisturo      # 
Volatile  matter 
Fixed  carbon 
Ash      • 


8-54 
3r40 
42*80 

11-36 

100*00 


Does  not  cake. 

Ash— dark  greyish  red. 


PART  4.] 


Geological  Survey  Notes. 


^55 


Date. 


6-VI-95 


8-VlI-g5 


ifl-Xn^5 


12.XII-95 


lO-I-^ 


6-III-96 


lo-IV^ 


3o-IV^ 


Satotaaoe. 


Onespedmea  of  li- 
monite  from  about 
two  miles  south-east 
of  Jate»  Porahat 
Dtstnict,  I 

dagga  Divisioii 


Two  specimens  of  iron 
ore  from  Re^rah. 


Galena  from  a  hill 
about  1 4  miles  east  of 
Madeya,  Mandalay, 


Quarts  from  old  sold 
workini^  at  Cnin- 
natha-f^anuy  Udu, 
KoUesal  Taluq, 

Coimbatore  District. 


Three  spedmena  of 
quarts^  and  one  of 
schist,  from  Porahat> 
Chota  Nagpore. 


One  spedmen  of 
crnshed  quarts,  from 
23  miles  S.S.E.  of 
Balarampur,  Bengal 
Nagpur  Railway,  for 


Seven  spedmena  of 
crushed  quarts,  from 
23  miles  S.S.E.  of 
Balarampur,  Bengal 
Nagpur  Railway,  for 


Two  speamens  from 
Port  Blair  for  deter- 
mination* 


For  whom. 


W.  Anderson,  Geo- 
logical Survey  of 
India. 


P.N.  Datta,B.Sc., 
Deputy  Soperia- 
,tandent«  Geological 
Survey  of  India. 


H.H.Hayden,  Assist- 
ant SuiMrintendent, 
Geological  Survey 
of  India. 


C    S.    Middlemns, 
Suparintendent, 
Geological  Survey 
of Inoou 


C.  L.  Griesbach, 
Director,  Geologi- 
cal Surrey  of  India. 


C.  L.  Griesbach, 
Director  Geologi- 
cal Survey  of 
India. 


W.  Anderson,  Spe- 
cialist, Geological 
Survey  of  India. 


Majorize.  Temple, 
Superintendent  of 
Port  Blair. 


Result. 


Contains  36*68  per  cent,  of  iron  (Fe). 


A.  Mansantferoos  hematite^  limonitic. 
Foot  of  Kymore  scarp,  north-west  of 
Baghwar,  near  Boorgaopa,  Rewah.  Con- 
tains 50*^  per  cent,  of  iron  (Fe). 

B.  Limonita. 

Half  mile  north-east  of  Sulkma  village^ 

Ramnagar  Tahsil,  Rewah. 
Contains  20*47  per  cent,  of  iron  (Fe). 


9 

Yi 


uanH^  recfivedi  2  lbs.  7  oz. 
ielded  on  assay,  53*42  per  cent,  of  lead ; 
and  4  OS.  14  dwta.  17  grs.  of  silver  to  the 
ton  of  lead. 


QuanHiy  rtc^ivedi  8  lbs. 
Yielded  on  assay,  a  trace  of  gold. 


*•  !!2«*^  ^^W*  Quantify  rtcd.  10  lbs. 

3*  " Ragolbum  hdl"  ,,      9  ,^ 

4.  Schist  ^      \\  „ 

Yielded  on  assay,  no  gold. 


Quantify  reciivtd  :  19  lbs. 
Yielded  on  assay,  1  dwt.  9  gn.  of  gi  Id  per 
ton. 


Quantity 
reed. 


8  lb.  6  lb.  4  lb. 


4 
81b- 


5 

4  lb. 


6 


7 

4  lb. 


Contain  no  gold. 

Specimen  from  Flai  roek  InvisihU  bank, 
about  60  miiot  South  Bast  of  Port  Blair. 


rock»5  ©««*ui«nsforamnilera,  radiolaria, 
etc  The  rock  belongs  to  Oldham's 
Archipelago  series  of  late  Tertiary  age. 

Specimen  found  offanehorage  at  North- 
West  end  ofNarcondam. 

Magnetite  sand,  with  grains  of  quarts, 
dmentte  and  felspar,  evidently  derived 
from  the  baaaltic  rocks  of  Narcondam. 
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Date. 


Sabstafloe. 


For  whom. 


Remilt. 


I3-V^ 


a9-V-96 


9-VI-96 


io-VI-96 


30-Vt96 


14-VIII-96 


Two  specimens  of  coal, 
from  Rewah  State. 


Onespedmen  ofanrU 
feroQs  quarts,  from 
the  old  workings  in 
KolleealTalua  (Tip- 
poo's  Mines),  Madras. 

One  specimen  of  coal, 
from  centre  of  broad- 
est bands,  Mithwa 
coal-field,  about  i^ 
miles  from  Thstha- 
nahN.N.-W.  Upper 
Burma. 


Three  spedmens  of 
iron  ore,  from  Rewah 
State. 


A  specimen  of  limonite 
concretion,  from 
N  yaungni^n.  Pagan 
district.  Upper 

Burma* 

One  spedmen  of 
quartz,  from  Bala> 
rampur,  Manbhum 
district. 


R.  D.  Oldham, 
A.R.S.M.,  F.G.S., 
Offg.  Director, 
Geolo^cal  Survey 
of  India, 


C.  S.  Middleraiss, 
B.S.,  Superintend- 
ent, Geolo^cal 
Survey  of  India. 


H.  H.  Hayden, 
B.A.,B.B.,  Assist- 
ant Superiotend- 
ent,  Geolojgical 
Survey  of  India 


P.  N.  Datta,  B.Sc, 
P.G.S.,       Deputy 
Saperintendent, 
Geological  Survey 
of  India. 


H.  H.  Haydeo,  B.A., 
B.B.,        Assistant 
Superintendent, 
Geological  Survey 
of  India. 

W.  Anderson,  Spe- 
dalist.  Geological 
Survey  of  Inaia. 


Garwani. 

QuaniUy  re* 
md  :  I  lb.  1 1 


cHved 


OS. 


Moisture  •    9*08 

Volatile  matter  8*72 
Fixed  carbon  .  44*76 
Ash  .        .  44-44 


SiNOHOA,  NEAR 

Karswa. 

Qmaniiiy  re* 
cgived  :  3  lbs.  3  ox. 

4-60 
26*00 
41*12 
28*28 


100*00  100*00 

Ash— reddish  grey.  Ash — grey. 

Does  not  cake.  Does  not  cake. 


Quantity  reeewed :  a  lbs.  6|  os. 

Vidded  on  assay,  a  oz.  5  dwts.   17  grs. 
of  gold  per  ton. 


Quaniitf  rtcHved  8  lbs. 


Moisture 
Volatile  matter 
Fixed  carbon 
Ash      . 


Ash— light  grey. 
Does  not  cake. 


6*  16 
33-48 
24*64 
337g 

100*00 


I.  LimonUe,  S,  W,  o/Lukaara. 
Quantity  received  t  i  lb. 
Contains  3576  per  ceoL  Iron  (Fe). 


2.  Limonite,  |  mile  iV.  by  B,  of  Pauje 
H.S. 

guantity  received  I  14  or, 
DDtains  48*75  per  cent.  Iron  (Fe). 


3.  Hematite,  near  Puri,  S,*W,  of  Hurma 

on  the  Son, 
QuanHty  received ;  1 1  oz. 
Contains  44*32  per  cent  Iron  (Fe). 


8: 


uanHiy  received  t  4I  oz. 
ntains  44*12  per  cent.  Iron  fFe). 


?uantity  received :  78  lbs. 
idded  on  assay,  a  trace  of  goMU 
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Date. 


3~X-g6 


S.VII1-g6 


14I-97 


5-1-97 


17-XII-96 


8-III-97 


8-III-97 


Substance. 


Specitnensaf  amalg^am 
tailings*  and  bhok-, 
atiafi^,  the  result 
of  two  trial  cniih- 
ingft,  of  15  and  9 
tons  quarts. 


For  whom. 


Result. 


One  specimen  of 
ouartx,  from  the 
diogbhoora  district. 

One  specimen  of  Lig- 
nite, containing  plant 
remains  and  specks 
of  reain,  found  at  the 
bottom  of  a  well,  soi 
feet  from  surface, 
Pallana.  about  la 
miles  from  Bickaneft 
Rajputana. 


Three  specimens  of 
minerals,  for  deter- 
msnatioD. 


One  specimen  of 
Psilomelane*  from 
Gosalpur,  Jabalpur 
district,  fov  phospho- 


A  white  mineral,  found 
underneath  the  coal 
strata,  Chitteedand, 
Salt  Range,  supposed 
to  be  Bauaite. 


W.  Anderson,  Spe- 
cialist, Geoloeical 
Survey  of  India. 


A.  E*  Wild,  Conserw- 
vator  of  Forests, 
Bengal. 

Lieut.-Col.  H.  A. 
Vincent,  Political 
Agent,  Bickaner. 


Geo.  Watt,  Reporter 
oa  Economk  EVo- 
ducts  to  the  Govt, 
of  India. 


C   W.      McMinn, 
Jabalpur. 


I.  Afohalbana,  Manhhum  district. 
Amalgam,  from  bottles  marked  1,  4  and  7, 

from  9  tons  crushed  quartz. 
Yielded  on  assay,  1  '24  grs.  of  gold,  equal  to 

'138  Krs.  per  ton. 


I.  a 


a.  Chandra  Dhobnif  Manhhum  district, 
Amalgasa,  from  bottles  marked  a,  3,  5  snd 

6,  from  15  tons  crushed  quartz. 
Yielded  on  assay,  '095  grs.  of  gold,   equal 

to  '0063  grs.  per  ton. 

3.  Tailings,  from  9  tons  crushed  quartz. 
Yielded  on  assay,  a  trace  of  gold. 

4.  Tailings,  from  15  tons  crushed  quarts. 
Yielded  on  assay,  a  trace  of  gold. 

5.  Blanketings,    from    15    tons     crushed 
quartz. 

Yielded  on  assay,  a  trace  of  gold. 

Coatains  a  trace  of  gold. 


Quantity  received  :  7  lbs. 


Moisture  • 
Volatile  matter 
Fixed  carbon 
Ash     . 


ia'5o 
41-40 

100*00 


Does  not  cake. 
Ash— light  grey. 

No,  i.-^Prom  Kabul,    Travertine. 

No,  2,'^From  Sakesar  and  Kala6agh» 
Punjab,    Massive  gypsum. 


No,  3'^Prom  Kabul, 
Jade). 


Borvenite  (PSeodo 


Contains  '589  per  cent  phosphoric  anhy- 
dride (Pa  O  ). 


Museum,    Geoloffi-   S.  G.  1*707. 
cal  Survey  of  India, 
Calcutta. 


\  specif 
Bashanar,  supposed 
to  be  Sapphire. 


R.  G.  Thomson, 
C.  S  ,  Deputy  Com* 
missioner,  Simla 
District 


H.O 

fa?- 


^Alnminite. 
Amethyst 


a3-6s 
46'44 
30*08 
trace. 


loo'is 
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Date. 


Substance. 


10-III-97  Six  spectmcns  of  coal 
from  the  Warora 
Colliery. 


11-111-97 


For  whom. 


C.  O.  Leefe,  Assis- 

-tant  Secretary  to 
Chief  Commis- 
sioner, Public 
Works  Depart- 
ment, Central 
Provinces,  Nagpur. 


One  specimen  of  Ga- 
lena, from  Arki, 
Baffhal  States  Simla 


I  o- 1  V'97   Poor  specimens  of  coal 
from  Assam. 


Result. 


Moisturs 

Volatile 
matter. 
Filed 
carbOD. 
Ash      . 


I*- 
OS 


8-40 


S9*00 


4»*74 
19*86 


lolbt. 


9'78 


S9*0a 
43*71 


"I 

s 


lolbt. 


S6*5S 


J7'io 

40*08 
a  6*30 


of 
< 

0.8 

I" 


lolbs. 


ao'48 

36*44 
35*68 


lolbt, 


7'4o'    0*38 


I9*fi4 


3i*6a 
4136 


lolbs. 


10*40 


3»*4« 

41*  I« 
i8*o6 


lOO'OO  100*00    lOO'OO  IOoHM)  100  00  100 ISO 

Do  not  cake. 


1 

i 

I 

< 


R.  G.  Thomson,  ...  ._  ,  Q^^anHiy  reeei'wed: 
C.S.,  Deputy  Com-l*«eWed  on  assay,  75-17  per 
raissioner,     Simla      ^^  >>  <»•  i  dwt.  9  grs. 


raissioner. 
District 

F.  H.  Smith,  Geo- 
logical Survey  of 
India. 


Quantity  received:  a  i  lbs. 

^ ^^^  j^^  ^pj^^ . 

""77  --  ^—  •  "w*.  y  ut».  sflver  to  the  ton 
of  lead. 


QnanHty 
reteived. 


Moisture  . 

Volatile 
matter. 

Fixed  car- 
bon* 

Ash 


1. 

Sios. 

II. 

710X. 

III. 
si  OS. 

IV. 

4*  ox. 

5-36 

3-88 

ri4 

rio 

49'96 

57'Sa 

29-00 

3r-48 

a5'3a 

35*40 

15-34 

40-38 

19-36 

i3'io 

Sa-fe 

15*04 

100*00 

100*00 

lOO'OO 

ioo*oo 

n 


1! 


"I 

s. 


S 
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Date. 


ia-V-97 


Substance. 


i8-V^ 


Two  spedment  of  coaI> 
from  Assam. 


For  whom. 


F.  H.  Smith, 
A.R.C.S.,  Deputy 
Superintendent^ 
Geological  Survey 
of  India. 


lo-VI-^ 


9-VIII^ 


One  specimen  of  lig^ 
nite  with  specks  of 
resin^from  Pallana, 
13  miles  from 
Bickaneo  Rajpataoa. 


A  heavy  metallic  kx>k- 
ing  specimen  from 
the  Koderma  Governp 
ment  Fores^  Hazari. 
bagh  District,  sup- 
posed to  be  iron. 


Pebbles  of  schist  con- 
taining quarts*  Wa 
States,  Burma,  for 
gold  assay. 


Ton.  D.  LaTouche, 
B.A.,  Superinten- 
dent, Geolo^cal 
Surrey  of  India. 


A.  Gow-Smith,  Hast' 
ings  House,  Ali- 
pore. 


The  Chief  Secretary 
to  the  Government 
of  Burma,  per  J.G. 
Scott,  Superinten. 
dent  of  the  North- 
ern  Shan  States, 
Burma. 


Result. 


^         .  A.  B. 

Quantity  reeeiwed.  io|  oz.       4  os. 


Moisture 
Volatile  matter 
Fixed  carbon 
Ash      .    -    • 


1074  9*40 

3i"is  34*4a 

35*90  36*33 

33*34  39*86 


100*00 


100*00 


Does  not  cake. 


i 


Quantity  reeeiwdi  45lbs. 

Moisture       •        •        •        •        •  8*30 

Volatile  matter     .«        ,        «        .  43*79 

Fixed  carbon         ....  39*48 

Aah 9*6o 

100*00 

Sinters  slightly,  but  does  not  cake. 

Ash— light  brown. 

Calorific  power  in  heat  units  (C),  7,193. 

Evaporative  power,  13*58. 


Columbitei  S.  G.  6*19. 


Quantity  ricHv§d :  t4lb8. 

Contains  ro'5  grains  of  gold  to  the  ton. 


s&o 
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|8-IX*$7 


Sutifttftace. 


t8*tX.9^ 


A  »f  led  men  of  the  ^- 
mtitefrom  Urnmaliei 
quArry  \  mile  S,    W- 

Arrol    Dbirict.    For 
bulk  &n^yfii9. 


A  hand  apcdnieo  of 
hvpersthrfie,  hom-* 
blende  granite  from 
Pcrombakam, 
Madra^^      For  bulk 


$i-IX.<»; 


For  whom. 


T.H.Hdknd.Offi- 

eta  ting  SuperinL^fi' 
dent,  Geological 
Survey  of  Indian 


IlitulL 


Ditto 


Allcatme  tiUt  from 
Y«iiianfyat,  Upper 
Bumift,  wh«fa  it 
occurs  ai  ap  incrusta- 
tkfi  aod  is  moreor 
1e»  iBipur«, 


FeO 

N&,  O 
K*  O 

jgnitioo 


Si,  o* 

AU  O, 

FeO 
CaO 
Mg  O 
N&,  O 
K,0 
Ignition 


G*  £.  Cfimeip  Atsi$t< 
atit  Su  pe  ri  n  tend- 
enli  Gei»togical 
Survey  of  India. 


3850 
30*76 

3  59 
*io 


TlTfAL  lot  1^1 


a7S 
*|J 


TOTAt 


»g*So 


The  portion  soluble  in  hot  water  waa  ana* 
ly^d  separately  — the  inboiuble  portion  i» 

f;iveii  below  uadcr  the  bftadrng   of    "  tnso- 
ubles."     Beaction  distinctly  AlioJine. 

Ka,0       . 

K,  O 

ao 

SO» 

CI      . 
Ignition     » 
Insoloble*  . 


Lets  oif^fi  equivaJent 
Total 


t'8q 

lorj^ 

*og 

torf6 


Thi9  analysis  shows  tliat  the  aub«tBne«  con- 
tains  about  ;S  per  o»iil.  Na,  S  0|.  with 
tmaller  quantities  of  Ca  S  Q,  and  Mg  % 
O4* 


I 


I 


^    I 
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or  before  the  date  last  stamped  below 


APK   ti      Wo 


SEP  2  6  2105 


